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l.y  A  r«riw  of  CuMdian  activities  in  the  field  of  development  of 
military  vehicles  reveals  a  relatively  low  rate  of  success  in 
producing  equipment  to  meet  the  needs  of  the  Forces.  The  reasons 
for  failure  vary  from  project  to  project  and  Include  economic , 
financial  and  managerial  factors  coupled  with  a  tendency  to  pursue 
too  far  the  fulfillment  of  unrealistic  operational  requirements. 

A  highly  significant  factot  common  to  all  development  projects  has 
been  the  absence  of  a  sound  technological  base  from  which  to  embark 


on  the  development  process 


2.  This  deficiency  has  been  observed  f*oa  time  to.  time  and,  in  certain 
projects,  development  of  basic  technology  was  undertaken  in  parallel 
with  the  equipment  development  program.  As  any  be  expected  these 
parallel  programs  rarely  succeeded  because  the  output  from  the 
basic  development  was  not  available  in  time  to  influence  the  equip¬ 
ment  development  project. 


3.  Past  failures  have  generated  an  antipathy  towards  equipment  develop¬ 
ment  programs  and  this  is  expressed  in  the  resolve  to  buy  the 
vehicles  needed  by  the  Force  to  meet  its  various  committments  from 
commercial  or  foreign  sources.  This  procedure  has  considerable 
validity  in  the  short  term,  in  the  long  term,  however,  it  may  prove 
both  costly  and  Inefficient  to  the  point  of  danger.  There  is 
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bo  assurance  that,  in  the  process  of  aanufacturing  vehicles  for 
commercial  users,  Canadian  Industry  will  develop  a  technology 
which  will  enable  them  to  oeet  the  needs  of  the  Canadian  Forces.  The 
traditional  foreign  suppliers  are  concerned  primarily  with  the  needs 
of  their  indigenous  forces  who  operate  in  a  very  different  physical 
environaent  iron  that  found  in  Canada  and  will  tend  to  optlaize  designs 
to  meet  their  national  requirements  rather  than  those  of  the  Canadian 
Forces.  To  ensure  an  acceptable  degree  of  operational  nobility  in 
the  Canadian  environaent  the  Canadian  Forces  suit  develop  a  technology 
which  will  enable  equipment  suppliers  to  provide  vehicles  to  neet 
their  requirements. 

The  provision  of  r  capability  for  nobility  in  the  Canadian  environ¬ 
ment  involves  particularly  difficult  problems.  There  is  very  little 
equipment  available  from  any  source  and  the  technology  is  incomplete 
and  scattered.  This  applies  particularly  in  the  case  of  smaller 
vehicles. 

There  is  an  interplay  between  requirements  and  technology  in  that 
the  existence  of  a  requirement  stimulates  technological  advance 
and  technological  advance  stimulates  the  development  of  require¬ 
ments.  This  study  i«  concerned  with  the  development  of  technology. 
Mule  this  is  obviously  closely  related  to  the  development  of  the 
equipment  to  which  it  relates  it  has  the  broader  aim  of  promoting 
an  understanding  of  the  technology  hy  users  end  engineers  alike 
so  that  the  process  of  formulating  requirements  and  specifications, 
evaluating  equipment  and  conducting  or  influencing  development 
activities  may  be  soundly  based. 
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1.  Th«  rtqulreBtatt  of  the  Canadian  Forces  for  equipment  to  provide 
ao  acceptable  degree  of  overload  mobility  are  deteralacd  by  the 
roles  of  the  force.  These  are  sat  out  In  various  official  documents 
and  Include: 

a.  operations  In  support  of  the  KATO  alliance: 

b.  operations  to  maintain  national  sovereignty.,  and 

c.  operations  in  support  of  DK  peace  keeping  activities. 

2.  This  study  is  concerned  primarily  wit'i  technology  for  equipment  for 
maintaining  national  sovereignty  and  for  operations  In  support  of 

r  the  KATO  northern  flank.  In  its  role  in  support  of  NATO  operations 
in  central  Europe  where  the  Force  operates  in  a  relatively  conven- 
tlonal  fashion  the  equipment  necessary  to  provide  the  required  degree 
of  mobility  is  probably  best  obtained  from  those  allies  which  have 
similar  operational  requirements  coupled  with  very  much  larger 
.quantitative  requirements.  There  will  be  some  exceptions  from 
this  general  case  where  the  balance  between  the  primary  and  secondary 
roles  of  the  co-operating  forces  is  widely  different  and  these  must 
be  considered  in  a  case  by  case  basis. 

3.  The  conduct  of  lani  operations  within  Canada  and  on  the  NATO  flank 
in  Norway  io poses  a  set  of  operating  conditions  which  are  entirely 
different  from  those  in  Central  Europe.  In  general  the  mobility 
of  vehicles  desigoed  for  operation  in  temperate  zones  diminishes 


M  the  seen*  at  opera C too*  is  shifts*  northwards  la  Canada.  Xt 
drops  to  assr  taro  la  ths  trssllas  region  sad  rises  so— what  again 
la  ths  barrens  Thera  arc,  however,  some  assslvs  obstacles  la  ths 
barren  leads  which  severely  restrict  mobility  of  say  type  of  over¬ 
load  vehicle. 

4.  It  appears,  therefore,  that  if  the  Canadian  Forces  srs  to  be 
capable  of  eouducting  sustained  operations  of  company  groups  or 
larger  over  an  area  stretching  from  about  200  slice  south  of  the 
trealiae  sad  northwards  to  the  limits  of  Canadian  sovereignty 
vehicles  designed  specifically  for  operation  ia  this  environment 
will  be  required. 

5.  There  are  tew  countries  which  have  similar  requirements.  Sweden 
has  an  abundance  of  heavily  timbered  terrain  in  which  conditions 
are  similar  to  some  areas  of  eastern  end  western  Canada.  The  Soviet 
Onion  has  vast  areas  in  which  conditions  arc  similar  to  those  la 
North-central  Canada  and  ths  United  States  has  a  limited  Interest 
esntred  principally  in  ths  Were era  Arctic  where  rather  specialised 
conditions  prevail.  None  of  these  countries  is  likely  to  afford 

n  very  fruitful  source  of  technology  directly  applicable  to  the 
Canadian  problem  and  if  tha  Canadian  Forces  want  to  achieve  mobility 
in  the  Canadian  North  they  are  going  to  have  to  provide  their  own 
technology  end  very  probably  their  own  equipment. 

6.  While  It  is  possible  to  etete  the  requirement  for  mobility  in  the 
geographic  area  in  general  terns  thert  is  difficulty  in  producing 


•  specific  statement  ia  terns  of  e errs la  sad  vehicle  psrsaceera 
which  will  fen  the  basis  of  concept  formulation  sad  evaluation. 

It  ia  riser  that  without  such  a  descriptive  ays  tea  the  process 
of  design  sad  developaeat  will  rensln  aa  arbitrary  sad  expeaaivc 
cut  sad  try  process  with  the  reasons  for  success  or  failure  freq¬ 
uently  masked  by  extraneous  factors.  The  starting  point  therefore 
for  aay  systematic  technology  base  oust  be  the  definition  of  nobil¬ 
ity  requirements.  When  this  is  done  the  examination  of  factors 
influencing  nobility  nay  be  co— tncad. 

7.  Implicit  la  the  concept  of  developing  a  technology  base  is  the 
exani  nation  of  the  existing  "state  of  art"  and  the  institution  of 
activity  to  bring  it  to  tbs  level  required.  The  'state  of  art* 
la  so  far  as  it  exists  takes  the  fern  of  published  literature  and 
data  and  is  normally  gathered  together  in  libraries  or  data  banks. 

A  *  state  of  art*  data  base  is  the  essential  conpenent  of  a  tech¬ 
nology  base  and  to  sone  extent  the  terns  are  synonymous.  It  follows 
that  a  'state  of  art*  data  base  must  be  established  early  in  the 
developnent  of  a  technology  base. 

8.  Canada  possesses  an  active  off  road  vehicle  industry  which  pro¬ 
vides  equipment  for  coaaerelal  use  in  northern  regions.  The  Industry 
produces  a  range  of  vehicles  which  bsve  not  shown  a  very  narked 
developaeat  over  the  past  twenty  years  and  there  is  little  indication 
that  the  Industry  is  oriented  to  new  product  developnent.  Its 
potential  to  neat  military  requirements  needs  to  be  established. 
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9.  Any  program  designed  to  enable  the  Canadian  Force a  to  achieve 
■ability  in  tbs  Canadian  environment  Must  first  establish  the 
■ability  requiresent  and  than  define  a  state  of  ert  data  base. 
A  prograa  of  work  to  augment  the  data  base  aust  be  worked  out 
and  the  ability  of  industry  to  assist  aust  be  determined. 


- 


SECTION  2 


To  define  a  prograa  to  provide  the  technology  base  required  by  the  Can¬ 
adian  Forces  to  achieve  aobllity  in  the  Canadian  environment. 
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ICLE  DEVELOPMENT  PROCESS 


I.  1m  activities  involved  in  tbs  typical  vehicle  development  pro¬ 
cess  are  set  out  la  fig  1.  The  diagram  expends  the  steps  between 
the  fornulatlon  ef  the  operational  requirement  sad  the  selection 
of  a  concept  end  tends  to  congress  the  activities  beyond  this 
point.  This  bss  been  done  to  enphssise  the  laportaaee  of  the 


ly  stages  of  the  process  and  avoid 


aeary  coapllcatloa 


in  the  display. 


2.  The  Operations!  leeulremeat 


The  process  starts  with  the  definition  of  an  operational  require- 
aent  which  seta  out  the  characteristics  of  the  equipment  as  visual¬ 
ised  by  the  user  end  explains  its  application.  Typical  of  opera¬ 
tional  requirements  for  vehicles  is  tbs  category  under  consideration 
is  that  for  the  Kedlua  Marginal  Terrain  Vehicle  for  the  1980's  (MfTV  80) 
(L)j which  states  la  part:  "A  high  degree  ef  nobility  over  all  types 


of  Marginal  terrain  including  deep  snow,  sand,  muskeg. 


,  rock 


strewn  soil  end  areas  of  light  tree  cover  is  essential.  Enphasis 
in  design,  however,  will  ester  for  conditions  which  are  aost  prevalent. 


winter 


,  la  areas  of  the  Canadian  North  and  North  Norway 


The  vehicle  asst  show  a  narked  iaproveaent  over  current 


military  vehicles  in  slope  climbing,  slope  traversing  sad  deep 
snow  performance. " 
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3.  This  statement,  in  braid  and  very  imril  ^wliutivt  lint  asp 
wll  be  a  fair  reflection  of  the  desires  of  the  operational  ua«t 
of  the  equipment,  it  la  however.  Insufficiently  precise  to  fora  the 
basis  of  either  a  development  program  or  a  program  to  determine  the 
suitability  of  candidate  vehicles. 


4.  Defining  Parameters 


The  first  step  which  must  be  taken  is  to  identify  the  terrain 
and  related  performance  paraaeters  in  precise  and  unambiguous 
terms  which  can  be  understood  and  agreed  by  users,  engineering 
staffs  and  development  agencies.  The  parameters  when  identified 
must  be  suitable  for  embodiment  in  the  specification  which  will 
be  used  to  control  the  development  and/or  evaluation  of  concepts 
or  candidate  equipment. 


5.  The  problem  is  essentially  that  of  establishing  a  means  of  com¬ 
munication  so  that  users,  DND  engineering  and  test  staffs  and 
potential  contractors  are  able  to  coenunlcate  In  a  single  precise 
language  which  is  clearly  understood  by  all.  This  may  appear  to 
be  a  somewhat  simplistic  statement,  however,  the  discussion  which 
took  place  at  the  bidders  conference  on  the  MMTV  80  acd  problems 
with  development  projects  in  several  countries  amply  Illustrate  the 
difficulties  which  arise  from  failure  to  express  the  requirements 
in  a  manner  which  can  be  understood  by  development  contractors. 


.../» 


ft.  Mission  FrofUea 


Aa  overall  operational  scenario  la  ini—d  to  hove  existed  and 
to  bate  been  used  la  drafting  the  operational  requirement .  The 
terrain  and  performance  parameters  which  have  been  developed  specify 
the  detailed  requirements  for  the  equipment  and  a  series  of  mission 
profiles  covering  specific  operations  In  Uniting  and  sub  limiting 
conditions  Is  required  to  provide  the  framework  of  the  concept 
evaluation  process.  Tbs  mission  profiles  should  emerge  naturally 
from  the  operational  requirement  and  are  used  both  at  the  concept 
evaluation  stage  and  later  during  test  and  evaluation.  They  should* 
la  fact,  fora  the  basis  of  the  user  trials  to  be  conducted  later 
In  the  development  pro  gran. 

7.  Bid  Package 

The  performance,  terrain,  nobility  and  other  pertinent  parameters, 
together  vlth  the  mission  profiles  are  Important  elements  of  the 
bid  package  which  is  passed  to  potential  development  contractors. 
From  this  information  and  other  technical  data  the  contractor  form¬ 
ulates  his  approach  to  the  problem. 

S'.  Concept  Formulation 

The  response  of  potential  develops ent  contractors  to  the  bid 
package  Is  normally  in  the  form  of  a  design  concept  or  concepts 
accompanied  by  the  supporting  data  called  up  la  the  bid  package. 

The  detail  contained  In  the  concept  and  the  extent  and  validity 
of  the  support lng  data  may  be  expected  to  vary  considerably  between 
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cantractors  and  nay  depend  upon  whether  or  .net  the  concept  (err 
illation  phase  is  funded.  The  conceptual  proposal,  however,  oust 
contain  all  the  information  which  Is  required  in  the  concept 
evaluation  stage. 

9.  In  forsulating  the  concept  the  contractor  oust  define  the  fora  of 
the  vehicle  and  sake  a  preliminary  selection  of  components  to 

be  used  in  the  development  process.  Apart  iron  the  specification 
of  certain  items  of  hardware  or  minor  components  which  my  be 
contained  in  the  bid  package  In  the  interests  of  standardisation 
this  is  the  first  point  in  the  proeess  at  which  hardware  is 
specified. 

10.  Concept  Evaluation  and  Trade  Offs 

>v. 

The  aim  of  the  process  to  this  point  has  been  to  produce  equipment 
concepts  which  nay  be  evaluated  against  the  requirements  and  ranked 
in  order  of  merit.  There  is  a  wide  range  of  parameters  which  must 
be  considered  in  this  process  and  comparative  analysis  of  these 
may  be  conducted  by  the  use  of  matrices  for  esch  contributing  fsetor 
or  group  of  factors, supported  by  mathematical  modelling  where 
appropriate.  The  credibility  of  such  analyses  depends  upon  the 
validity  of  the  input  and  a  critical  review  of  esch  contractors 
proposal  is  essential. 


11.  The  evaluation  techniques  must  allow  the  input  of  trsde  off  criteria 
in  the  fields  of  cost  and  performance  and  assessment  of  the  Impact 
of  these  on  candidate  ranking. 

...m 


12.  The  Min  thrust  of  Che  present  study  Is  in  the  iru  of  nobility 
and  it  is  essential  that  the  input  iron  the  contractors  in  this 


area  takes  a  fora  which  will  allow  cou par  Ison  by  analytical  weans 
sad  appraisal  of  the  iapact  of  trade  offa. 

13.  Design  Analysis  and  Cowponent  Development 

The  selection  of  a  concept (s)  for  development  is  node  on  the  basis 
of  the  concept  evaluation.  The  cowponent  selection  daring  the 
concept  f emulation  is  based  upon  a  projection  of  state  of  art 
as  it  will  exist  following  farther  development.  The  first  step 
in  the  developnent  process  is  the  conduct  of  s  detailed  design 
analysis  and  the  formulation  of  a  component  development  activity 
to  realise  the  projected  state  of  art  improvement.  There  is  obvious 
feed  back  froa  this  analysis  into  the  concept  evaluation  process. 

14.  Test  and  Evaluation 

The  prototype  vehicles  which  are  built  during  the  development  are 
the  expression  of  the  concept  in  terms  of  practical  hardware.  Tests 
are  conducted  to  determine,  among  other  things,  the  performance 
of  the  prototypes.  It  is  essential  thatf  in  designing  the  test 
program  and  selecting  the  test  facilities^ the  environment  created' 
is  that  defined  in  the  mission  profiles  and  specified  in  the  bid 
package,  modified  if  necessary  by  experience  gained  during  concept 
evaluation  and  development.  The  evaluation  of  test  results  should 
compare  predicted  performance  with  that  realised  and  explain  differ¬ 
ences.  A  decision  on  acceptance  or  rejection  or  further  development 


Is  made  on  chc  tests  of  tteso  deliberations. 

15.  Pats  Bank 

It  is  obvious  that  throughout  tbs  development  process  ttero  is 
seed  to  refer  to  prior  knowledge  sad  this  is  typified  by  the 
examples  of  data  bank  input  in  Fig  1.  The  data  which  is  used 
■ay  be  broadly  classified  as  cona  knowledge tas  typified  by  the 
action  of  a  staple  wheel  rolling  on  hard  paveaent#or  state  of  art 
as  typified  by  the  action  of  a  pair  of  oblate  wheels  driving  in 
weak  soil.  It  is  unwise  to  believe  that  conmnn  knowledge  embraces 
any  significant  state  of  art  information  and  the  existence  of  a 
data  bank  fron  which  state  of  art  Information  on  any  aspect  of 
the  development  program  nay  be  easily  withdrawn  is  vital  to  success. 

16.  Discussion 

A  simplified  overview  of  the  development  process  has  bean  presented. 
It  should  be  noted  that  the  process  of  concept  evaluation  nay  be 
applied  to  existing  hardware  offered  against  known  military  require¬ 
ments.  The  application  of  such  an  evaluation  should  be  mandatory 
before  a  decision  to  buy  and  try  is  taken. 

17.  The  component  selection  and  development  activities  have  been  high¬ 
lighted  because  component  development  can, and  does, exist  as  a 
separate  activity.  For  this  activity  to  provide  the  best  value 
for  money  and  effort,  howe.er,  it  is  necessary  that  it  be  con¬ 
ducted  within  the  framework  of  a  predetermined  vehicle  concept. 


18.  Consideration  of  the  development  process  reveals  a  need  for: 

a.  s  naans  for  defining  terrain  characteristics  and 
vehicle  parameters  so  that  performance  of  a  concept 
map  be  predicted, 

b.  a  knowledge  of  the  ability  and  potential  of  Canadian 
Industry  to  participate  in  the  development  process, 

c.  a  readily  accessible  data  base  bearing  on  all  aspects 
of  state  of  art  la  vehicle  design,  and 

d.  a  standardised  test  environment  compatible  with  tbs 
terrain  parameters  defined  in  the  requirements  defin¬ 
ition  stage. 

These  will  be  discussed  later  in  the  study. 


KlilL 


THttAllf  CUSStriCATIOS  ASP  HOBILtTT  PKEPICTIOM 


1.  There  is  a  need  j  In  the  process  of  development  or  evaluation  of 
vehicles  designed  for  high  nohUity^to  define  the  terrain  char¬ 
acteristics  in  a  fora  which  will  allow  the  prediction  of  the  nob¬ 
ility  of  a  conceptual  design. 

2.  Crest  difficulty  has  been  experienced  in  arriving  at  an  agreed 
definition  of  nobility  end  many  groups  of  experts  have  derived 
hundred  of  hours  of  innocent  enjoyment  cat  of  Manipulative  semantics 
seeking  a  definition.  There  is  now  general  agreement  that  the  - 
maxicua  speed  made  good  by  a  vehicle  between  two  points  in  a  given 
terrain  is  a  suitable  measure  of  its  intrinsic  mobility  in  that 
situation.  (2) .The  factors  whirh  emerge  from  this  definition  as 
governing  nobility  are: 

a.  the  environment  created  by  the  terrain , 

b.  the  design  characteristics  of  the  vehicle,  and, 

c.  the  mission  to  be  accomplished. 

3.  It  is  to  be  noted  that  these  sace  characteristics  emerge  from  other 
definitions  of  nobility  and  any  system  of  comparing  or  evaluating 
the  pcrfornance  of  vehicles  must  therefore  provide  for  a  means  of 
estimating  or  censuring  the  success  of  the  vehicle  in  performing 
the  nission  in  the  environment  created  by  the  terrain.  It  should 
also  desirably  reveal  the  design  features  which  limit  or  inhibit 
the  cooplction  of  the  mission. 
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4.  There  ere  three  principal  ijritcu  of  terrain  clean  if  lection 
(or  eescrlption)  and  vehicle  eohlllty  prediction  in  nee  at 
present.  They  arc: 

a.  correlative  systems, 

b.  the  08  developed  AMC  71  and  AMK  75  nobility  models,  and 

c.  Che  Swedish  systen. 


5.  Correlative  Systran 


In  this  system  the  per for nance  of  a  vehicle  is  specified  or  neaaured 
by  comparison  with  that  of  a  standard  vehicle  in  the  designated 
terrain.  As  a  general  rale  qualitative  terns  era  used  to  define 
both  vehicle  and  terrain  and  a  typical  specification  night  state  • 
"The  vehicle  shall  have  a  performance  in  deep  snow  equal  to  that 

of - (the  standard  vehicle)."  On  the  surface  this  scons  a 

relatively  slnple  definition  end  one  which  can  be  easily  verified. 

A  patch  of  soft  snow  is  found  and  the  candidate  vehicle  together 
with  the  standard  are  tested  and  a  suitable  paraneter  is  measured 
to  define  performance;  this  could  be  speed,  draw  bar  pull,  maooeuver- 
ability  etc.  Sinilar  tests  nay  be  conducted  in  other  terrain  types 
and  a  performance  matrix  established.  Problems  arise  when  the 
performance  required  is  "better  than  that  of  — — "  and  in  this  case 
the  selection  and  measurement  of  performance  paraneters  becomes 
critical. 


6.  The  system  has  the  major  disadvantage  of  falling  to  provide 

designers  with  specific  guidance.  To  create  and  validate  their 
concepts  they  must  attempt  to  identify  the  characteristics  which 
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control  the  p*rf«rauet  of  the  itudird  vehicle  end  try  to  ofaol 
or  tetter  these  in  their  concept.  The  evaluation  of  the  concept 
relies  oe  the  same  technique  hot  probably  involves  different  people 
«ho  weigh  the  cheracter istics  of  the  vehicles  differently.  The 
process  thus  bee  ones  dominated  by  opinion  which  any  persist  through 
the  prototype  perfornaace  teat. 


7.  There  is  very  little  usable  feed  back  froa  test  and  evaluation 
because  the  reasons  for  the  performance  of  the  standard  vehicle 
were  probably  not  clear  in  the  first  case  and  the  reasons  for 
success  or  failure  of  the  test  vehicle  are  even  lees  apparent. 


S.  As  there  can  be  no  validation  of  the  concept  until  the  prototype 
is  built  and  tested  the  prudent  developer  tends  to  follow  the 
>*.  form  of  the  standard  vehicle  particularly  as  vehida  form  appears 
to  have  a  significant  effect  on  performance.  Improvements  there¬ 
fore  ere  restricted  to  component  design  and  advance  in  state  of 
art  tends  to  be  slow. 


9.  AM C  71.  AMI  75  MOBILITY  MODELS  (2) 


These  are  analytical  nodels  developed  in  the  United  States  for 
the  c on put er iced  evaluation  of  tba  nobility  of  ground  mobility 
eystcas.  AJO!  73  is  the  successor  system  to  A MC  71  end  was  sched¬ 
uled  for  release  in  the  fell  of  1973.  The  definition  of  mobility 
used  in  the  nodels  is  that  of  speed  made  good  between  two  points 
in  a  specified  terrain  and  the  output  is  expressed  in  wiles  per 


hours  with  the  "no  gc"  condition  expressed  as  zero  speed. 
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10.  la  eh*  <rpltut'»  of  eh*  models  aa  operational  scenario  1* 
created  and  eh*  mission  of  eh*  vahlel*  defined.  .  Th*  AIM  73 
■odd  provides  for  either  eh*  trovers*  of  a  predeteralaed  path 
through  Che  selected  area  or  Che  automatic  selection  of  th*  best 
path  between  two  points  in  the  area,  la  either  caae  the  procedure 
and  inputs  lato  the  program  are  the  ease. 

11.  The  area  which  Che  vehicle  oust  traverse  is  divided  into  patches, 
linear  features  (eg  streams)  and  road  segments  etch  of  which  is 
assumed  to  possess  unifora  mobility  influencing  characteristics 
along  its  length.  The  properties  of  each  patch,  including  surface 
composition  and  geometry,  vegetation  and  the  physical  nature  of 
obstacles  are  defined  by  22  onmerled  parameters.  Additional 
numerical  definition  of  linear  obstacles  and  road  segments  is 
required  to  complete  the  terrain  input  to  the  model.  (4) 

12.  The  model  requires  that  the  vehicle  be  defined  in  great  detail 

in  terns  of  its  Inertial  and  mechanical  characteristics.  Provision 
is  also  made  for  factors  describing  the  drivers  tolerance  and 
acuity. 

13.  Fron  these  inputs  the  speed  at  which  the  vehicle  will  cross  each 
patch  or  linear  feature  is  computed  and  the  average  speed  along 
the  path  through  the  area  is  arrived  at. 

14.  Am  73  is  acknowledged  by  its  designers  to  be  incomplete  in  some 
respects  and  imperfect  in  most  but  is  claimed  to  be  a  tool  which, 
when  used  with  an  appreciation  of  its  limitations,  will  provide  a 


■was  of  generating  quantitative  engineering  information  for  use 
h f  sag  lasers  sad  users  la  establishing  Mobility  criteria,  <««- 
miming  sad  comparing  various  concepts  la  specific  terraias  aad  the 
iaflueace  of  specific  design  chaages  oa  cross  country  performance. 

13*  Bo  information  Is  available  oa  validation  of  AIM  75.  Validation 
trials  on  AMC  71  Heated  aa  overall  prediction  accuracy  of 
19.91  oa  traverse  tests  coaducted  a*,  five  sites  using  a  mix  of 
tracked  end  wheeled  vehicles.  Analysis  of  the  results  was  clalaod 
to  show  that  accuracy  would  increase  to  at  least  lit  if  corrections 
to  surface  roughness  aad  aaaoeuvre  relations  were  nade  (3). 

16.  The  prediction  accuracy  obtained  varied  widely  between  the  various 
conputer  nodules.  Tor  example  the  'BO  CO'  condition  for  aa 
KL13A1  cllabing  a  sand  slope  was  predicted  at  691  while  the  observed 
Halt  during  validation  tests  was  33Z.  Similarly  predicted  speeds 
la  the  vegetation  submodel  were  generally  1.5  to  2.0  times  faster 
than  the  aeasured  speeds.  Ia  other  nodules  however,  reasonable 
agreement  between  predicted  aad  measured  values  was  obtained. 

17.  Swedish  Terrain  Classification  and  Mobility  Model  (5) 

The  Swedish  terrain  classification  system  has  its  origins  in  the 
need  of  the  Swedish  Forestry  Service  for  unifora  descriptions  of 
terrain  for  the  purposes  of: 

•  a.  planning, 
h.  operations  control, 
c.  machine  appraisal,  and 


d.  work  studies 


I 
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It.  The  terrain  classification  system  Identifies  as  its  three  pri¬ 
mary  elements: 

a.  (round  conditions,  including  soil  characteristics, 
wetness  and  obstacle  density, 

b.  ground  roughness,  and 

c.  slope. 

19.  These  three  primary  elements  in  any  patch  are  assigned  ratings 
from  1  to  5  in  ascending  order  of  difficulty.  Conditions  judged 
as  lying  between  those  defined  by  two  sequential  numbers  may  be 
Identified  in  double  digits  by  Including  both  numbers. 

20.  Swedish  Vehicle  Mobility  Classification 

The  vehicle  nobility  classification  system  derives  from  the  tet- 
raln  classification  system  and  describes  the  performance  of  a 
vehicle  numerically  in  terms  of  its  ability  over  ground  conditions 
described  by  the  terrain  classification  system. 

21.  Mobility  Modelling 

The  Swedish  Army  mobility  model  is  a  simulation  model  designed 
to  simulate  the  moveoents  of  arbitrary  vehicles  or  arbitrary 
columns  of  vehicles  in  srbitrsry  terrain  environments.  It  pro¬ 
vides  a  means  of  selecting  the  mix  of  vehicles  for  different 
units  in  various  operational  zones. 
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22.  The  inpat  to  the  aodel  i«  derived  from  a  eeeaarle  depicting  a 
typical  nova  over  a  specified  roata  by  a  unit  equipppad  with 
specif led  vehicles.  The  output  provides  a  representation  of  the 
progress  of  the  aarch  at  say  tine  and  a  statistical  presentation 
of  the  aarch  on  its  cenpletloo. 

v 

23*  Discussion 

Of  the  three  systeas  considered  AMI  73  appears  at  first  sight 
to  offer  a  systea  of  terrain  description  and  nobility  prediction 
which  will  best  aeet  the  needs  of  the  vehicle  developnent  and 
concept  evaluation  process.  The  Swedish  systea  predicts  the  overall 
nobility  of  vehicles  and  groups  of  vehicles  based  upon  the  observed 
aoblllty  characteristics  of  individual  vehicles  in  specific  ground 
conditions  and  does  not  lend  itself  to  the  solution  of  design 
probleas. 

2A.  The  complete  AHM  73  model  is  very  complex.  It  is,  however  nodular 
in  nature  and  the  majority  of  the  modules  have  a  "stand  alone" 
capability.  The  nodules  eaploy  Inputs  of  terrain  characteristics 
which  may  be  aeasured  by  means  of  techniques  which,  if  not  univers¬ 
ally  accepted  are  at  least  well  known. 

23.  The  accuracy  of  the  model  in  predicting  vehicle  nobility  has  not 
been  validated  however,  and  the  results  of  the  validation  trials 
of  AMC  71  are  not  particularly  encouraging.  The  model  in  its 
present  fora  accoaodates  input  for  only  shallow  snow  cover  and 
appears  to  have  only  Halted  capacity  for  certain  classes  of 


obstacles  and  tone  classifications  of  muskeg. 

26.  While  the  'speed  nade  good*  definition  of  mobility  is  an  excellent 
one  for  general  purposes  one  of  the  principal  ala s  of  development 
activity  is  reduction  of  the  else  of  the  "HO  CO"  areas.  Interest 
centres  therefore  on  the  near  sero  speed  condition  and  the  assumption 
is  made  that  speed  trill  be  higher  in  less  difficult  conditions.  This 
assunptlon  is  not  always  correct  but  it  is  easier, as  a  general  rule, 
to  identify  vehicle/terrain  paraaeters  likely  to  Unit  vehicle 
speed  in  less  difficult  conditions  and  to  estlK.ce  their  effect 

than  It  is  to  predict  the  location  of  the  00  -  MO  CO  boundary 
condition. 

27.  This  leads  to  the  notion  that,  in  developing  concepts,  the  design 
point  of  the  equipment  should  lie  at  the  limit  of  performance 
required  in  various  terrain  conditions.  If  this  notion  is  adopted 
it  leads  to  the  requirement  for  a  nobility  prediction  system  which 
is  accurate  and  responsive  over  a  relatively  narrow  band  of  terrain 
conditions.  It  seems  likely  that  much  of  the  AMM  75  model  would  be 
redundant  in  this  limiting  condition  and  the  accuracy  and  sensitiv¬ 
ity  of  the  applicable  portions  say  not  be  adequate  for  the  task. 

28.  As  has  been  noted  earlier, the  correlative  system  does  not  provide 
sufficiently  specific  criteria  to  allow  the  development  and  eval¬ 
uation  of  vehicle  concepts.  Provided  the  standard  vehicle  is  car e- 
fully  chosen,  however,  the  system  is  capable  of  detecting  the  con¬ 
ditions  which  tend  to  restrict  or  Inhibit  the  mobility  of  the 
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vehicles  It  typifies.  It  thus  uy  be  used  to  locate  Uniting  or 
scar  llaitlng  conditions  In  appropriate  terrain  categories  and 
these  nay  be  measured  and  defined  In  paraaeters  suitable  for 
input  into  ASM  75  or  other  analytical  sodels. 

29.  The  standard  vehicle  nay  thus  be  used  to  generate  data  to  validate 
or  nodify  existing  sodels  such  as  AMM  75  or  to  develop  new  aodels 
so  that  the  conditions  at  the  Unit  of  nobility  nay  be  evaluated 
in  detail.  Extensions  of  the  noddling  technique  to  provide 
diagnostic  output  nay  be  supported  by  field  or  laboratory  test 

of  the  standard  vehicle. 

30.  The  nodds  thus  developed  nay  be  used  to  determine  the  potential 
of  vehicle  concepts  with  none  degree  of  assurance  that  they  have 

v  reasonable  accuracy  when  applied  in  the  narrow  band  of  conditions 
for  which  they  were  designed. 

31.  It  is  possible  that  acre  than  one  standard  vehicle  will  be  required 
to  cover  the  range  required  and  the  selection  of  the  vehide(s) 
aust  be  nade  with  great  care.  They  should  possess  characteristics 
as  close  as  possible  to  those  of  the  vehicles  to  be  developed  or 
evaluated.  The  use  of  vehicle  rigs  or  subscale  aodelllng  appears 
to  offer  possibilities. 
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THE  POTENTIAL  OF  CANADIAN  INPUSTTf 


1.  The  Industry 

Tlie  treat  majority  o£  the  motor  vehicles  used  la  Canada  ere  pro¬ 
duced  within  the  country.  The  nttoeBtlfc  Industry  Is  O.S.  controlled 
end  subsidiary  conpsnies  produce  equipment  to  US  designs.  As  most  of 
the  population  of  Canada  lives  within  SO  miles  of  the  OS  border  and 
most  of  the  vehicles  are  operated  within  this  area,  the  performance 
obtained  is  close. to  thst  obtained  In  the  Northern  O.S.  and  this 
appears  to  be  considered  satisfactory.  As  the  scene  of  operations 
Is  moved  northwards  this  bee ones  leas  true  but  adequate  performance 
Seems  to  be  obtained  by  a  combination  of  peraonal  ingenuity  and 
rapid  obsolescence.  There  has  been  no  pressure  since  the  Second 
■  World  War  for  the  manufacturers  to  develop  a  Canadian  technology 
base  and  they  now  rely  exclusively  on  the  U.S.:  they  have  virtually 
zero  capability  of  undertaking  independent  research  and  developnent. 

2.  The  need  to  conduct  transport  operations  In  the  North,  principally 
by  oil  companies,  coupled  with  the  problems  of  winter  transportation 
in  .ural  Quebec  led  to  the  development  of  an  off  road  vehicle 
industry  in  Canada.  There  are  three  major  manufacturers  and  a  number 
of  smaller  companies  many  of  whoa  receive  government  assistance 

in  one  fora  or  another.  The  products  range  from  small  snowmobiles 
to  large  tracked  vehicles  capable  of  hauling  gross  train  weights 
in  the  order  of  200  tons. 
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3.  The  existence  of  e  wide  rente  of  problems  involved  in  moving  over 
the  vide  renge  of  terrain  types  which  exist  in  the  North  has 
attracted  the  interest  of  researchers  in  universities  and  there  has 
been  sons  activity  in  Che  area  of  terrain-vehicle  interaction.  In 
sone  instances  relationships  have  developed  between  universities 
and  nanufacturers  leading  to  co-operation  in  research  and  develop¬ 
ment  of  vehicle  sub  systems.  There  are  in  addition  a  few  consulting 
engineering  organizations  which  specialise  in  northern  transportation . 
These  are  principally  operator  oriented  sad  provide  a  service  to 
equipment  users. 

4.  The  large  transport  operators  providing  transportation  of  personnel 
and  materials  in  the  North  influence  the  vehicle  nanufacturers  indir¬ 
ectly  by  purchasing  or  not  purchasing  their  equipment.  They  appear 
to  have  had  little  direct  influence  on  design  la  whole  or  detail 
since  the  vehicles  settled  into  their  present  form  in  the  1950* s. 

5.  Research  and  Development  Potential 

The  process  of  research,  development  and  production  of  equipment 
requires  the  participation  of  research  agencies  and  industry.  The 
DREO  irtra  and  extra  mural  progra-s  together  with  other  research 
activity  known  to  be  in  progress  indicates  the  existence  of  a 
limited  basic  research  capability  in  the  field.  There  is  little 
indication,  however,  of  even  a  limited  development  capability  in 
industry  outside  of  certain  restricted  fields. 


/25 


-  25  - 

6.  Before  e  prograa  of  research  sad  development  of  technology  In  the 
field  of  northern  nobility  can  be  undertaken  .he  potential  of  industry 
asst  be  determined  snd  plans  nade  to  exploit  or  further  develop 

this  potential  during  the  progrea. 

7.  The  type  of  program  proposed  should  be  of  interest  and  value  to 
both  individual  companies  and  the  industry  as  a  uhele  and  its 
nature  should  be  explained  uben  conducting  investigations  of  indus¬ 
trial  potential. 

8.  Criteria  for  Evaluations 

The  following  criteria  should  be  evaluated  during  the  investigation 
of  the  potential  of  the  off  road  vehicle  Industry: 

a.  Interest  in  participating  in  equipaent  and/or  tech¬ 
nology  development,  (consider  past  perforaance) 

b.  areas  of  particular  expertise  or  interest,  (as  clalaed 
by  coapany) 

c.  experience  in  field  for  which  expertise  is  clalaed  or 
Interest  expressed  (as  a  corporate  organization), 

d.  qualifications  of  individual  staff  oeabers,  including 
acadcnic  qualifications,  experience,  and  deaonstrated 
expertise  in  field  of  interest, 

e.  access  to,  relationship  with  and  jse  Bade  of  research 
agencies  such  as  universities  and/or  consultants,  (These 
agencies  should  be  assessed  separately) 

f.  participation  of  corporate  body  or  individuals  in  pro¬ 
fessional  or  technical  associations^ (distinguish  between 

rs 
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ftMlvc  membership  and  active  participation,  papers 
presented  to  XSTVS  or  SAC  etc  nap  be  a  suitable 

g.  extent  of  corporate  data  base  (If  any)  and  degree  of 
access  to  or  utilisstlon  of  outside  data  banks  eg. 

CAKKX.  ORBIT  etc, 

h.  interest  in  participating  in  program  which  would  pro¬ 
vide  access  to  a  data  base  covering  the  technology 

of  off  road  vehicle  design, (the  measurement  of  interest 
most  be  the  degree  of  effort  conpany  is  prepared  to 
exert  before  expecting  reauaerstloa) , 

I.  current  research/development  program, 

J.  expenditure  on  rescareh/developnent  as  percentage  of 
gross  revenue  past  five  years, 

k.  possession  of  or  access  to  laboratory  facilities  for 
support  of  research/d evelopment  activities  and  axtent 
of  esage, (describe  nature  of  facilities), 

l.  possession  of  or  access  to  vehicle  test  facilities  and 
extent  of  usage, (describe  nature  of  facilities), 

a.  test  and  evaluation  techniques  for  new  vehicle  systems 
and  sub  systems,  and 

n.  possession  of  or  access  to  physical  plant  for  the  develop¬ 
ment  of  components  or  the  construction  of  prototype 


vehicles 


1.  Equipment  development  is  the  process  of  applying  the  lawn  seats 
of  art  to  the  creation  of  sa  equipment  designed  to  fill  a  specific 
requirement.  Xssearch  fills  gaps  la  seats  of  art  knowledge  sol 
seeks  co  extend  its  frontiers.  The  two  processes  overlap  la  that 
development  frequently  expands  state  of  art  knowledge  and  applied 
research  asy  resale  in  new  equipment. 

2.  Ia  undertaking  either  research  or  development  it  is  necessary  at 
the  outset  that  a  knowledge  of  the  applicable  state  of  arc  exists 
or  is  readily  available.  It  is  fallacious  to  assume  that  state  of 
art  knowledge  is  a  common  possession  of  engineers  ia  industry  or 
goveraaent  service.  A  few  individuals  in  both  areas, as  a  result 
of  aany  years  of  experience, have  acquired  an  extensive  background 
in  certain  areas  hut  they  are  United  ia  aqabers  and  scope  and 
frequently  confuse  state  of  art  with  folklore. 

3.  The  discontinuous  nature  of  development  effort  in  Canada  has 
inhibited  the  growth  of  a  store  of  state  of  art  data  In  either 
Individuals  or  organizations.  As  a  result  development  activity 
tends  to  start  frost  a  very  low  state  of  art  data  base  and  a  dis¬ 
proportionate  amount  of  the  funds  available  is  spent  in  educating 
the  staff  of  the  contractor  in  the  art  it  is  expected  to  apply. 


4.  If  tlw  development  of  technology  end Jot  equipment  foe  nobility 
la  tbe  Canadian  environment  it  to  be  undertaken  it  la  essential 
that  the  current  stats  of  art  be  defined  and  that  potential  users 
be  advised  of  Its  nature,  extent  and  applicability. 

3.  Technical  libraries  already  contain  much  of  the  data  required  to 
fora  a  state  of  art  data  base  in  this  field  and  computerised  data 
banks  have  increased  its  accessibility  and  reduced  search  times.  A 
limited  survey  of  the  Land  Technical  Reference  Library  and  the 
data  bases  available  to  the  DSXS  automated  information  system 
revealed  little  overlap  but  aaay  apparent  gaps  in  Information 
coverage.  For  example  a  search  for  information  on  off  road  artic¬ 
ulated  vehicles  produced  6  relevant  references  out  of  a  total  of 
40  titles  listed.  Tbe  coverage  of  the  references  urns  not  extensive 
and  a  further  5  or  6  (alalaua)  applicable  references  which  are 
known  to  exist  were  not  exposed. 

6.  The  DSIS  presentation  is  good  and  the  system  is  responsive  to  the 
users  needs;  considerable  skill  or  experience  is  necessary  however 
to  extract  the  aaxiaua  froa  tbe  systea.  It  appears  that  the  data 
bases  it  uses  would  need  considerable  augmentation  if  it  is  to 
meet  the  requirements  of  a  state  of  art  data  base  in  the  mobility 
field. 

7.  There  is  a  number  of  ways  in  which  an  existing  data  ase  nay  be 
augmented  or  a  new  base  created.  The  essential  steps  appear  to 
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a.  review  tiM  eMttat  of  oil  libraries  oaf  dots  bust 
to  which  access  coa  be  (ilntd  oaf  Identify  pertinent 
dote; 

b.  examine  aoet  accessible  beak  (eg  DSIS)  for  coapleteoees 
oad  arrange  to  aageeat  bases  oe  necessary; 

c.  determine  areas  where  incomplete  or  inadequate  data  la 
available, 

4.  advise  potential  users  of  the  existence  and  content  of 
the  data  base,  and 

e.  arrange  for  autoaatlc  addition  of  applicable  new  notarial 
Co  data  base. 

f.  8.  It  is  to  be  expected  that  significant  gaps  will  be  found  In  the 

coverage  available  froa  the  reference  sources.  The  filling  of  such 

•v. 

gaps  as  well  as  the  extension  of  the  coverage  of  the  data  base  forms 
a  principal  objective  of  the  technology  development  prograa. 

9.  The  collection  and  cataloguing  of  applicable  data  Is  a  aoaevhat 
sterile  process  and  the  issue  of  a  catalogue  la  not ,1a  Itself, 
likely  to  be  a  sufficient  stimulus  to  the  potential  user.  There  is 
a  need  ta  Issue  a  state  of  art  review  which  exanlnes  available  data, 
reviews  its  applicability  and  in  aany  cases  its  credibility,  and 
establishes  the  connection  between  associated  work.  In  areas 
where  gaps  exist,  either  in  state  of  art  knowledge  or  in  the  pub¬ 
lished  literature, the  review  nust,  as  far  as  practicable,  provide 
authoritative  coverage. 


10.  The  Struct*™  of  the  rtviw  should  fellow  the  structure  of  the 
dots  but  sad  It  should  ha  written  ss  tho  boss  is  ostsbllshod. 

Owe  published  it  should  bo  reviewed  periodically  (sop  annually) 
sad  updotod.  Tbs  proposed  chapter  headings  sad  content  for  tbs 
review  (sad  heace  content  of  tho  dots  base)  are: 

a.  The  Philosophy  of  be search  sad  Devolopaont  •  reasons 
for  t  aad  0,  categories  of  approach,  evolutionary  aad 
revolutionary  techniques ,  theory  of  United  advance, 
law  of  diminishing  returns. 

b.  Eavironaental  and  Terrain  Factors  Influeaclae  Design  * 
tho  Canadian  envlroonsnt ,  general  geographic  areas,  the 
geology  of  the  north,  geonorphic  factors,  soil  condition, 
nookag,  snow  conditions,  the  influence  of  vegetation, 
tender  soils,  rivers  and  otresas,  lea  conditions  Inland 
aad  coastal. 

c.  Terrain  Classification  and  Mobility  Prediction  -  aoasuring 
techniques  for  defining  soil  characteristics  aad  other 
terrain  paraaeters,  analytical  aodels  for  predicting  concept 
nobility,  the  Influence  of  varying  vehicle  paraaeters, 
capabilities  and  lialtacloas  of  systeas,  sob  scale  aodels. 

d.  Terrain  Vehicle  Interaction  -  tractive  effort  and  notion 
resistance,  floatation  in  weak  soils,  influence  of  soil 
conditions  and  characteristics,  obstacle  classification,  water 
nobility,  entry  and  exit  probleas,  classic  concepts  of  track 
and  tdieel,  influence  of  grouser  shape  and  site. 

e.  Vehicle  Morphology  -  the  developaent  of  vehicle  foras. 


historical  influences,  analogies  in  nature.  Halting  tech- 


■tUglul  factors,  typical  vehicle  foroa,  tha  IbIImbm 
of  Mhleli  size,  possible  areas  of  itvtUpMot. 

f.  Caoaral  Mechanical  Design  -  space  and  weight  requirements 
for  oajor  components,  vehicle  layout,  un  aaehiae  relation¬ 
ship. 

g.  Kenning  Gear  -  tracks  vs  wheels,  unconventional  wheels, 
hybrid  arraageoeats,  walking  machines,  auxilliary  support 
and  propulsion  mechanises. 

h.  Air  fashions  -  skirt  design,  influence  of  aspect  ratio. 

A/C  vehicle  capabilities  and  limitations,  hybrid  forms, 
influence  of  vehicle  else,  future  applications. 

I.  Tracks  -  crack  design,  girder  tracks,  flexible  cracks, 
bead  tracks,  pinned  tracks,  rubber  bushes,  strength  consid¬ 
erations,  grouser  forms,  typical  construction,  materials, 
limits  to  use  of  alastoeetars,  environmental  impact,  sprocket 
design,  influence  of  pitch  on  vibration,  sprocket  fouling, 
front  vs  roar  sprockets,  crack  tension,  track  guiding,  road- 
uheel  design,  roadwfaeel  spacing. 

J.  Suspension  Design  -  suspension  arrangement,  independent  sus¬ 
pensions,  coo  pound  suspensions,  walking  beams,  load  criteria, 
wheel  travel,  oscillation  damping,  typos  of  dampers,  active 
suspension  systems,  influence  of  vehicle  foru,  permissible 
levels  of  shock,  spring  rates,  limiting  terrain  characteris¬ 
tics,  suspension  as  a  mobility  limiting  factor. 

k.  The  Engine  Coropartnent  -  selection  of  engines,  power  require¬ 
ments,  load  factors,  fuel  eonsunptlon,  specific  bulk,  specific 
weight,  cooling  requlreeents,  parasitic  power  losses,  cooling 
aystea  design,  fen  types  and  applications,  sir  flow  in 
the  conpartaent,  induction  requirements,  exhaust  requirc- 
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Mats,  typical  engine  compartment  arrangements,  auxilliary 
drivaa. 

1.  The  Drive  Line  -  tranealeslon  selection,  the  influence  of 
rolling  resistance,  transmission  types,  aeaual  traasaiss- 
loas,  sutoaatic  stepped  transalssion,  torque  converters, 
hydrostatic  traasaiasion,  power  splitting  techniques, 
electric  drive,  typical  traasaisaioa  applications. 

a.  Steering  Systeas  -  Ackerman  steer,  wagon  steer,  articulated 
steering,  geared  steering,  track  warp,  the  Mechanics  of 
tracked  vehicle  steering,  skid  steering  of  wheeled  vehicles 

••  The  Articulated  Vehicle  -  wheeled,  tracked,  aodes  of  artic¬ 
ulation,  articulation  restraint,  steering  theory,  steering 
net  bods  and  aechaaiaas. 

o.  The  Electrical  System  -  calculation  of  power  requirements  - 
power  consuaing  devices,  the  function  of  the  battery,  battery 
types  and  characteristics,  charging  systeas,  suppression 
requirements  and  techniques. 

p.  Design  for  Low  Temperatures  -  the  starting  problem,  fuels 
and  lubricants,  engine  characteristics,  battery  types  and 
characteristics,  stand-by  beaters,  flash  heaters,  flame 
prlaers,  starting  fluids  and  prlaer  eysteae,  selection  of 
■oterials,  elastometers,  plastics,  aecele,  practical  limits 
for  operation  with  and  without  starting  aids,  practical 
(economic)  liait  of  vehicle  operation. 

q.  Design  of  Vehicle  Structures  -  application  of  materials, 
avoidance  of  panel  drum,  high/low  modulus  interfacing,  weight/ 
cost  relationships;  frened  structures,  aonocoquss,  body 
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insolation, 


V.  gjjMM  Eng  laser  inn  -  seating,  vision,  design  and  positioning 
of  controls,  lastnasnt  panels,  lighting,  heating,  cooling, 
tikaiicn  end  shock  Units,  effects  of  very  low  temperatures, 
a.  Vibrations  in  Vehicles  -  suspension /terrain  induced,  wheel 
or  track  to  ground  induced,  drive  line  Induced,  analysis 
of  vibrations,  technique  of  vibration  control, 
t.  Design  for  Maintenance  -  requirements  of  military  system, 
redaction  of  nelntensacc  requirements,  increase  of  servicing 
intervale,  accessibility,  power  peck  concepts,  hardware 
standardization,  mtbf  prediction,  auto  analysis  systems, 
self  analysis  systems,  Ilfs  cycle  costing,  maintenance 
at  low  temperatures. 

m.  Design  for  Value  -  cost  engineering,  value  engineering, 
influence  of  life  cycle  costing  on  selection  of  components, 
cost-value  of  weight  reduction.  Influence  of  cost  on  environ' 
mental  limits. 

v.  Testing  and  Evaluation  -  the  evaluation  of  design  concepts, 
matrix  evaluation  techniques,  types  of  tests,  test  facility 
design,  effect  of  cample  sire  on  validity  of  results, 
evaluation  of  test  results. 


ttCTIOM  7 


A  PROGRAM  TO  DEVELOP  A  TECHWOLOCY  BASE 


AiMigtloa  la  d<v«lopln|  this  program  It  has  baea  usuatd  that  tha 
requirements  aat  out  for  tha  MfTY  80  rafls  .  tha  type  of  equipment 
likely  to  ba  required  by  tha  Canadian  Forces  for  tha  1980-1990  period. 
A  vehicle  seating  these  requirements  is  likely  to  have  a  gross  might 
of  15,000  lb  or  lass  sad  to  possess  aa  opt law  combination  of  mobll'ty 
characteristics  la  tha  area  extending  from  200  atlas  south  of  tha 
treeline  northwards  to  the  Halt  of  Canadian  sovrelgaty. 

A  preliminary  survey  of  the  accessible  data  banks  during  the  form¬ 
ulation  of  the  requlreaeats  for  tha  data  base  proposed  la  Section  6 
revealed  aaay  areas  where  current  state  of  art  information  is  either 
inadequate  or  of  dubious  applicability  to  the  type  of  equipment 
likely  to  be  required.  There  is  a  need,  therefore,  to  generate 
state  of  art  data  in  many  fields  to  augment  the  proposed  data  ba-.e. 

A  program  of  work  to  meet  this  requirement  may  be  defined. 

Proposed  Program  The  first  step  la  implementing  the  program  »houH 
be  the  establlslnent  of  a  data  base  representing  the  current  re! -•/  n 
state  of  art  following  the  procedure  set  out  in  Section  6.  This  pre¬ 
liminary  base  will  be  incomplete  in  some  areas  and  contain  m-'turtal 
of  marginal  relevance  in  others.  The  accompanying  "State  of  Art 
Review”  should  define  these  areas  and  indicate  the  work  required  to 
bring  the  base  to  an  acceptable  level. 


The  program  of  further  work  which  1*  act  out  la  this  section  antici¬ 
pate*  the  findings  of  the  "State  of  Art  Review"  sad  will  probably 
require  revision  as  sore  detailed  information  becomes  available.  It 
is  considered  that  the  revisions  required  are  more  likely  to  take 
the  form  of  add it lot. s  to  the  proposed  program  than  deletions  f ran  it. 

In  the  interest  of  being  as  specific  as  possible  within  the  scope  of 
Che  study  the  progran  of  work  following  the  compilation  of  the  data 
base  has  been  divided  into  eleven  projects,  nine  of  which  are 
defined  in  Projects  1  to  9  annexed  to  this  section.  The  background 
to  each  project  is  described  and  the  aim  is  defined;  in  most  cases 
a  method  of  echieving  the  aim  is  proposed.  The  nine  projects  are 
described  briefly  below: 


Prediction  This  project  follows  the  discussion  in  Section  3 
of  this  study  and  seeks  the  design  of  analytical  models 
capable  of  predicting  the  performance  limit  of  concepts  o: 
vehicles  in  specific  .Canadian  environments.  It  introduces 
the  concept  of  a  reference  vehicle  and  proposes  a  standard 
fora  of  mobility  specification, 
b.  Project  So  2  Development  of  a  Concept /Vehicle  Evaluation 
System  This  proposes  the  development  of  a  computer  supported 
matrix  evaluation  system  for  evaluating  candidate  equiptents 
against  requirements. 


the  Canadian  Envlronaent  This  project  postulates  the 
thesis  that  significant  advance  in  nobility  is  sore 
likely  to  be  realised  froa  loproveaeats  in  vehicle  forn 
than  froa  development  of  subsystems  and  proposes  an  invest¬ 
igation  of  the  eifeet  of  fora  on  nobility  to  establish  an 
optiaue  fora. 

d.  Project  Wo  4  Articulated  Vehicles  The  probable  influence 
of  articulation  node  and  articulation  restraint  on  vehicle 
nobility  is  pointed  out  and  an  investigation  of  the  influence 
of  the  coupling  on  vehicle  design  is  proposed. 

«•  Project  So  5  Hybrid  Vehicles  A  general  investigation  of 
the  potential  of  hybrid  vehicles  is  proposed. 

f.  Project  Wo  6  Suspension  Systems  It  is  suggested  that  the 
requirements  for  the  suspension  system  of  an  articulated 
vehicle  are  different  fron  those  of  a  rigid  vehicle  and 
chat  simpler,  cheaper  systems  nay  be  feasible;  It  is  pro¬ 
posed  that  the  requlreaents  be  determined  and  Illustrated 
by  practical  designs. 

g.  Project  No  7  High  Frequency  Vibrations  in  Vehicles  The  r.  .cl 
to  reduce  high  fT-equeacy  vibrations  in  vehicles,  particul¬ 
arly  tracked  vehicles  is  pointed  out.  This  oust  he  done 
during  the  design  phase.  It  is  proposed  to  investigate  the 
causes  and  to  provide  design  criteria  for  noise  reduction. 

h.  Project  So  8  Vehicle  Terrain  Interaction  This  project  covers 
a  broad  field  and  could  probably  be  divided  into  several 
related  sub  projects.  It  proposes  Investigation  into  aany 


upicti  of  vehicle  terrain  contact  and  Nttists  that 
the  Mchanica  of  an  lap roved  contact  should  ha  established 
first  followed  by  detail  design  of  grosser s  etc.  It  pro¬ 
poses  as  a  related  study  the  establislaent  of  track  strength 
criteria. 

J.  Project  So  9  Test  and  Evaluation  Facilities  The  adoption  of 
analytical  nobility  prediction  and  concept /vehicle  evaluation 
techniques  requires  the  creation  of  controlled  or  standard 
test  aasiroanenta  for  validatlor.  of  reaults.  Tbs  project 
proposes  that  certain  specific  facilities  be  provided. 


i 


< 


o.  Two  further  areas  of  research  and  developnent  are  required.  In 

each  case  there  is  already  a  considerable  state  of  art  which  require.- 
detailed  study  before  the  projects  can  be  f emulated  in  detail.  These 
are: 

a.  Project  ho  10  Pesltn  for  tow  Temperatures 
Probable  areas  for  developnent  are: 

I)  the  laprovencat  of  battery  design. 

II)  the  inproveaent  of  battery  environs ent  by  the  use 
af  heated  Insulated  battery  boxes  and  uae  of  heat 
sinks* 

ill)  the  developnent  of  criteria  for  the  design  and 
application  of  starting  aids  , 

iv)  ths  problem  of  interfacing  newer  structural  materials 
(eg.  P.*.P  .)  with  rigid  conponents  in  the  eabrittl  in(; 
environment  produced  by  extreme  cold  and  with  the 
increased  shock  and  vibration  which  accompanies 
vehicle  operation  in  these  temperatures. 


a 


#*) 
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v)  tlM  practical  economic  lever  limit  fee  temperature 


of  operation. 

b.  Frol  act  Wo  11  Transmissions  and  Steering  The  thrust  here  is 
emce  again  la  the  direction  of  articula’.ed  vehicle.  It  Is 
doubtful  that  a  case  caa  he  aade  for  the  development  of 
transmissions,  however,  there  la  much  room  for  the  study  of 
application  of  commercially  available  components.  Probable 
fields  ef  development  are: 

I)  the  application  of  electric  or  hydrostatic  trans¬ 
missions. 

II)  sat  oca  tic  engagement  of  part  tine  hydrostatic  drive 
associated  with  track  tension  variation  lo  one  unit, 

ill)  the  steering  of  articulated  vehicles,  including  revis¬ 
ion  of  steering  kinematics,  the  Investigation  of  the 
forces  Involved  and  various  solutions  to  the  steer ir.j 
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PtflJECT  no  1 


TggAljl  CUlSSiriCATIOS  ASP  VEHICLE  MOBILITY  PREDICTION 


BACKGROUND 


1.  The  dcvilopinc  of  vehicles  for  operation  in  difficult  terrain 
requires  that  the  nature  of  the  terrain  be  defined,  and  in  partic¬ 
ular  that  the  characteristics  of  terrain  features  which  Unit  vehicle 
performance  be  described  in  a  precise  fashion.  This  requirement  has 
long  been  recognised  and  work  has  been  carried  out  by  Parry  and 
others  in  Canada  on  techniques  for  classifying  terrain  primarily 
in  order  to  provide  mobility  naps.  Extensive  work  carried  out  at 
•  he  Waterways  Experimental  Station  and  elsewhere  in  the  Onited 
States  resulted  in  the  development  of  analytical  models  by  means 
of  which  the  mobility  of  a  vehicle  within  a  prescribed  area  may 
he  predicted  in  terms  of  speed  made  good  between  two  points. 


In  designing  a  vehicle  it  is  necessary  to  select  points  on  the 
desired  performance  profile  which  will  serve  as  design  points.  These 
design  points  normally  reflect  the  performance  required  of  the 
vehicle  under  limiting  environmental  conditions.  The  success  or 
failure  ol  the  design  depends  largely  upon  the  skill  of  individuals 
in  selecting  the  design  point  and  estimating  Che  performance  of 
candidate  systems  and  subsystems  in  the  environment  thus  defined. 


V  The  evaluation  of  Che  design  is  conducted  by  constructing  a  prototy;. 
and  evaluating  under  conditions  judged  as  representing  the  desired 
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Halt  (net  necessarily  by  Ch«  designer).  Novel  designs  are 
appraised  by  the  corporate  eye  of  tbe  potential  user  and  bis  advisers 
and  If  judged  worthy  are  subjected  to  physical  evaluation.  Opinion 
reigns  supreme  in  this  process*  argument  resolves  differences  of 
opinion*  and  issues  are  frequently  settled  by  agreement  on  semantics 
which  nay  have  little  relevance  to  the  problca.  The  process  Is 
imprecise  and  costly. 


4.  Tbe  AMC  71  and  AMM  75  nobility  models  developed  In  the  United 
States  are  claiaad  to  provide  a  tool  by  means  of  which,  among 


other  things*  a  design  agency  nay  predict  the  nobility  of  a 
vehicle  in  a  given  set  of  conditions  and  assess  the  effect  of 
varying  certain  design  paraaeters.  The  validity  of  these  clalns, 
particularly  la  the  limiting  cases,  is  uncertain;  validation  trials 
with  AMC  71  do  not  inspire  confidence. 


5.  To  define  an  analytical  model  which  will  allow  the  accurate  predict¬ 
ion  of  the  nobility  of  conceptual  vehicle  designs  in  specified 
limiting  conditions. 


HE  MOD 


6.  Tbe  following  conditions  will  be  considered: 


a.  soft  ground, 

b.  muskeg, 

c.  deep  snow. 
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1.  Itymt  for  yrorsul.  wdlia  narglaal  t triolet  vehicle  <19(0) 
dated  July  9,  1973 

2.  The  OS  Any  Nobility  Model  (AIM  75)  Jurkat  «t  «1  Proceedings  - 
3th  International  Conference,  International  Society  for  Terre  in 
Vehicle  SyittM 

3.  Validation  of  the  ANC  71  Nobility  Model  »C  Schreiner  end  VE  Vlll- 
oagbby.  Proceed Inge  5th  International  Coefertace  Society  for 
Terre la  Vehicle  Sytteat. 

A-  Terre  In  Modeling  to  Support  Nobility  Evaluation,  AA  Suit  end  CJ 
Nattel  Jl.  Proceed Into  of  Sth  Internet lonl  Conference  -  Inter- 
aetlonel  Society  for  Terrain  Vehicle  Syatcaa 

S.  Vehicle  Mobility  Modelling  and  Terrain,  Correspondence  Group  visit 
to  (sedan  May  1976  -  Seynood  R  Tong  McGill  University,  Montreal 
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4.  tkiilw  mo* 
e.  rough  ground , 
f  .  Ilnur  okiticlu, 

g.  slopes  is  conjunction  with  mU/uoh  conditio  as, 

h.  roads, 

1.  vegetation. 

7.  The  validity  of  the  philosophy  of  design  for  limiting  conditions 
which  sssuaes  that  if  a  vehicle  can  traverse  a  certain  limiting 
condition  it  will  have  satisfactory  perfornance  in  leas  stringent 
cocdit iocs, will  be  determined. 

8.  For  each  of  the  terrain  types  listed  the  limiting  condition  shall 
be  identified:  this  is  the  extreme  condition  which  the  projected 
vehicle  nay  reasonably  be  expected  to  traverse  and  lies  next  to 
the  KO  CO  condition.  Identification  should  be  carried  out  by 
physical  survey  conducted  by  representatives  of  the  user  agency 
assisted  by  advisers.  A  reference  vehicle  as  close  as  possible  in 
size  and  perfornance  to  that  desired  should  be  used  to  assist  in 
identification  of  Uniting  conditions  and  its  perfornance  recorded. 
The  terrain  paraneters  likely  to  be  required  in  the  construction 
of  an  analytical  model  should  be  recorded  at  both  the  desired 
limiting  conditions  and  the  limit  of  the  reference  vehicle.  Init¬ 
ially  the  expression  of  the  paraneters  should  be  compatible  with 
AMI  75,  however  additional  measurements  using  other  techniques 
should  be  taken.  (See  Project  No  9.) 


9.  A  survey  of  nobility  prediction  technique#  should  be  carried  out 
sad  those  considered  cost  likely  to  fit  the  requireaeat  for  accurate 
prediction  at  or  approaching  Uniting  conditions  selected  and  eval¬ 
uated  against  the  field  results. 

10.  The  applicability  of  AMM  75  should  be  appraised  and  the  possibility 
of  adapting  the  relevant  nodules  should  be  investigated.  If  this 
proves  lapracticable  appropriate  nod  els  should  be  designed. 

11.  Validation  of  the  analytical  aodels  by  field  and  laboratory  tests 
should  be  conducted. 

OUTPUT 

12.  The  aodels  are  required  to  provide  output  which  will  allow  the  ap¬ 
praisal  of  wheeled  and  tracked ,  single  unit  end  nulti  unit  vehicles 
against  s  specification  similar  to  that  in  Annex  A  to  this  project. 

coagyr 

14.  The  method  set  out  above  is  Intended  as  a  basis  for  discussion  herw 
the  technical  director  of  the  project  and  the  implementing  agency.. 
It  Indicates  in  general  terms  the  steps  that  appear  necessary  to 
reach  the  desired  results  although  not  necessarily  in  Che  order 
stated . 

15.  At  first  sight  it  appears  that  the  intention  is  to  duplicate  the 
work  done  in  the  United  States  on  AMM  75.  This  is  not  so.  The 


latent  in  to  provide  *  Cool  or  series  of  cools  which  will  allow 
Che  prediction  of  Che  ability  of  a  vehicle  concept  to  croas  a 
dearly  Identified  terrain  type  in  cases  where  both  the  vehicle  size 
and  terrain  characteristic  occupy  a  relatively  avail  band  of  the 
overall  spec crus. 

16.  If  necessary  separate  nod  els  nay  be  provided  for  each  terrain 
type  end  for  each  vehicle  fora,  the  desire  to  conbine  the  whole 
process  into  one  elegant  solution  should  be  resisted. 

17.  Close  control  of  the  project  oust  be  aaintained  to  avoid  a  oath- 
east  leal  orgy  leading  to  a  result  which  lacks  credibility  because 
nobody  understands  it. 

•V. 

18.  There  nay  be  wide  difference  in  the  ratio  of  significance  of  the 
infer nation  provided  and  the  effort  required  to  create  an  analy¬ 
tical  nodel  to  produce  it.  This  factor  requires  closs  attention 
at  the  start  and  sffort  should  be  directed  to  erees  where  it  is 
uoat  likely  to  produce  a  useful  result  reasonably  quickly.  This 
would  appear  to  favour  early  work  on  prediction  of  soft  ground 
perforaauce.  The  conplexity  of  snow  cover  will  undoubtedly  create 
probleas  and  initially  it  nay  be  necessary  to  generalize  by  assueinc 
that  a  concept  having  good  performance  over  very  soft  soil  will 
prohably  perform  well  over  deep  snow.  Toe  rough  ground  character ist 
of  a  vehicle  need  very  detailed  input  on  the  vehicles  physical 
character  and  much  of  this  is  not  available  until  a  great  deal  of 
design  work  has  been  done.  It  may  be  necessary  at  the  concept 


Ki|«  to  um  th«  corporate  eyeball  Co  eppralae  the  rough  ground 
characteristics  using  whatever  cool  chat  can  be  developed  as  a 
design  aid. 


-4S»- 


AWgX  A  TO  PROJECT  MO  1 


CTHCAL  EXPRESSION  OF  PERFORMANCE  REOU1REWESTS 


MOTES 

I.  Ihl*  document  aces  out  a  typical  atatcaaae  of  the  per  for  nance 
requirements  for  a  vehicle  for  use  in  northern  terrain.  The  def¬ 
inition  of  soil  and  obstacle  parameters  must  be  compatible  with 
the  requirements  of  the  mobility  prediction  system;  those  used 

lo  this  specimen  are  for  illustrative  purposes  only. 

J.  In  specifying  the  performance  over  weak  soils  the  limiting  cas-:  has 
been  used.  It  will  probably  be  found  desirable  to  include  ai<.o  a 
requirement  to  achieve  stipulated  speeds  over  sub  limiting  soil 
conditions. 

3.  If  a  reference  or  standard  vehicle  is  used  in  establishing  the 
requirenents  its  perforaance  should  be  shown  either  here  or  in  a 
similar  tccoapanylng  document. 

REQUIREMENTS 

4.  Weak  Soils  The  vehicle  shall  be  capable  of  making  a  single  pass 
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over  level  terrain  having  the  following  characteristics: 

a.  (DCS  type,  cohesive)  soil  having  RCI  (or  RI)  of  - . 

b.  (DCS  type,  frictional)  soil  having  RCI  (or  RI)  of  - . 

c.  -  (Type)  Muskeg. 

d.  -  ft  of  snow  having  density  of  — — ,  -Z  water  content 

and  -  (other  paraaeters  such  as  C,  f  etc  If  applicable). 

5.  Slone  Performance  The  vehicle  shall  be  able  to: 

a.  climb  a  naxlnua  slope  of  60Z  (say)  at  -  aph. 

b.  cl lab  a  slope  of  -  at  -  aph  on  (DCS  type,  cohesive)  soil 
having  RCI  (or  RI)  of 

c.  cllab  a  slope  of  -  at  -  aph  on  (DCS  type,  frictional)  soil 
having  RCI  or  RI  of  -. 

4.  cllab  a  slope  of  -  at  -  aph  on  -  ft  of  deep  snow  having 
density  of  -Z  water  content  and  — —  (other  applicable 
characteristics). 

e.  traverse  and  manoeuvre  on  a  aaxiaua  side  slope  of  40T  (say). 

f.  traverse  and  manoeuvre  on  side  slopes  of  -Z  on  (soils,  deep 
snow  having  characteristics  ■—  described  as  above). 

C.  Obstacle  Perfornance  The  vehicle  shall  be  capable  of: 

a.  traversing  a  single  obstacle  having  a  height  of  -  and 
width  of  -. 

b.  traversing  repeated  obstacles  having  a  height  of  -  and 
width  of  -  at  -  spacing  at  -  aph  without  exceeding  -  g 
nessured  at  the  drivers  seat. 

c.  crossing  sharp  edged  ditches  having  a  width  of 
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7.  Eouah  Ground  The  vehicle  shall  be  capable  of  traversing  rough 

ground  having  an  RMS  roughness  of  -  Inches  at  -  mph  without  exceeding 

-  watts  of  absorbed  power  at  crew/drivcr  seats. 

S.  Manoeuvcrabll tty  The  vehicle  shall  be  able  to  traverse  a  tree 
covered  area  having  trunks  of  -  diaaeter  at  i  spacing  of  -  at 
•  aph  assuming  adequate  visibility. 

9.  Streaa  Crossing  The  vehicle  shall  be  able  to  cross  streams  having 
the  following  characteristics: 

Depth  -  ft 

IHdth  -  ft 

Telocity  -  fps 

Entry  bank  slope  -  deg 

Exit  bank  slope  -  deg 

Tertical  height  of  bank  above  water  -  ft 

10.  goad  Performance  The  vehicle  shall  have  a  maximum  speed  of  -  nph 
on  smooth  level  road  md  a  speed  of  -  soph  on  a  slope  of  -X. 

11.  Mission  Capability  The  vehicle  shall  be  capable  of  completing  the 
mission  set  out  in  the  accompanying  mission  profile  at  an  average 
speed  of  not  less  than  -  aph  with  a  fuel  consumption  not  exceeding 

-  npg. 
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PROJECT  SO  2 

PEVELOfMENT  OF  CONCEPT /VEHICLE  EVALUATION  SYSTEM 


BACKGROUND 

1.  Ilr  process  of  selection  of  a  concept  for  dtvtlopgnt  or  a  vehicle 
for  acquisition  requires  that  a  system  exist  for  comparison  of  the 
characteristics  of  candidate  concepts  or  equipments  with  each,  ether 
end  with  a  set  of  standards  which  represents  the  requirement.  Per 
valid  comparison  the  characteristics  must  be  measured  and  expressed 
in  a  standard  fashion. 

2.  Rot  all  characteristics  have  equal  weight  in. influencing  the  suit¬ 
ability  of  a  candidate.  There  are  frequently  -certain  areas  in  which 
the  failure  to  meet  a  specified  level  of  performance  disqualifies 
the  candidate  from  further  consideration.  The  weight  of  the  char- 
aeteristics  will  vary  between  equipments  Intended  for  different  end 

use  and  even  between  the  different  roles  of  a  single  equipment. 

'J-  Some  of  the  Information  required  will  be  produced  by  the  nobility 
prediction  system,  other  will  be  based  on  contractors  estimates 
and  some  will  result  from  measurements  taken  during  tests  or  trials. 


MK 


4.  To  develop  a  standard  method  of  evaluating  concepts  or  vehicles 
against  specifications  and  requirements. 


Hgnoo 


(MOTE;  There  ere  a  number  of  possible  approaches  to 

Che  problem;  one  la  suggested  below  to  Illustrate 
features  which  are  likely  to  be  common  to  all 
systems.) 

5.  Determine  characteristics  which  will  influence  the  selection  process 
sad  define  a  standard  means  of  expression  and  measurement. 

6.  Establish  method  of  assigning  weighting  factors  and  likely  ranges 
of  such  factors,  the  means  of  defining  mandatory  requirements 
should  be  decided. 

7.  Design  system  for  estimating  concept /vehicle  performance  character- 
istles  under  conditions  imposed  by  typical  mission  profiles. 

8.  Design  module  matrices  for  comparison  of  characteristics  or  groups 
of  related  characteristics  eg.  payload,  speed  and  fuel  consr  ion. 

Design  caster  matrix  with  computer  program  support  to  evaluate 
(weighted)  output  from  module  matrices  and  provide  ranking  of 
candidates. 

CWMEST 

ID.  The  evaluation  technique  would  obviously  form  an  appropriate  study 
for  operational  researchers. 


11*  The  development  of  an  evaluation  system  will  sot  be  easy.  The 
Initial  target  is  to  provide  a  systea  which  has  aore  credibility 
than  the  corporate  eyeball  technique  aad  to  iaprove  froa  that  base 
system.  Developers  oust  be  prepared  to  compromise  aad  avoid  endless 
search  for  the  perfect  systea. 

12.  The  systea  must  be  credible  to  tbs  people  who  are  going  to  use  it. 
all  steps  she  Id  be  visible  and  coherent.  Provision  for  validation 
of  modules  should  be  aade. 

1  >.  Analytical  models  produced  to  support  the  system  must  allow  easy 
Modification  to  accoaodate  developing  knowledge  and  changing 


circumstances 
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PROJECT  HQ  3 

THE  MORPHOLOGY  OF  VEHICLES  TOR  THE  CANADIAN  ENVIRONMENT 

RACKCROUKP 

1.  It  Is  intrtU;  accepted  that,  sines  tbs  introduction  of  the  crawler 
tractor,  there  has  been  very  little  advance  in  field  of  off  road 
nobility.  This  applies  In  particular  to  the  development  of  capability 
to  operate  over  weak  soils.  It  is  probable  that  the  most  significant 
advance  in  the  field  of  snail  vehicles  occurred  in  the  early  1950' a 
when  the  Canadian  Any  introduced  the  concept  of  snail  articulated 
track  layers  for  employment  in  tree  line  snow  conditions.  The  concept 
of  tandea  track  arrangement  involved  a  radical  change  in  vehicle  form 
and  produced  a  dr  ana  tic  increase  in  performance  of  snail  vehicles. 

>v  ■ 

2.  At  the  tine  cf  the  original  studies  and  trials  it  was  apparent  that 
several  Corns  of  tandea  crack  arrangeaenc  were  possible,  however  full 
investigation  of  all  alternatives  was  not  carried  out.  There  is 
evidence  that  the  currently  conventions!  articulated  vehicle  arrange- 
aent  provides  little  enhancement  of  performance  with  large  vehicles 
and  it  appears  therefore  that,  in  view  of  its  higher  cost  it  bccoces 
less  cost  effective  than  the  single  track  steered  vehicle.  The 
location  of  the  cross  over  point  obviously  varies  with  soil  conditions 
and  probably  with  the  arrangement  and  coupling  of  the  tandea  tracks. 

It  should  be  noted  that  there  appears  to  be  e  second  cross  ovet  with 
very  large  vehicles:  this  probably  lies  outside  the  scope  of  this 
project. 

...152 
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Dm  fora  and  tin  of  vehicles  change*  vkn  wheels  ere  used  Instead 
of  tracks  and  while  it  appears  unlikely  that  wheeled  vehicles  will 
provide  e  comparable  perfornanee  to  tracks  within  the  sees  physical 
discos local  envelope  there  are  probably  cost  advantages  to  be  gained 
b;  their  use.  Rolligon  and  terra  tire  concepts  are  worthy  of 
study  within  the  context  of  saall  vehicles  of  novel  form. 

Vehicles  are  iaobtllsed  la  weak  soils  by  Increased  notion  resistance 
associated  with  sinkage.  The  notion,  resistance  has  a  conponent 
which  derives  fron  the  drag  of  the  vehicle  belly  and  which  varies 
la  nagnltude  with  a  number  of  vehicle  design  factors.  The  influence 
of  belly  fora  and  design  for  alaiasa  drag  within  a  concept  designed 
to  derive  a  degree  of  support  fron  this  elcnent  in  coapresslble 
soils  has  been  the  subject  of  United  investigation. 

bellyless  vehicles,  using  either  wheels  or  tracks  have  been  shown  to 
approach  the  ideal  fora  for  deriving  floatation  and  traction  from 
weak  soils.  Using  conventional  running  gear  cooponentry  however 
they  tend  to  have  high  centres  of  gravity  and  are  narrower  than 
equivalent  belly  type  vehicles  having  slailar  physical  characteristic 
These  two  factors  contribute  to  instability  particularly  on  soils 
or  snows  of  varying  strength  and  on  certain  hard  ground  obstacles. 
There  is  obviously  an  optimum  compromise  for  various  classes  of 
vehicle  and  this  appears  worthy  of  investigation. 

The  unwritten  law  of  identity  of  unit  size  and  form  in  two  unit 
articulated  vehicles  which  is  followed  by  many  designers  does  not 


I 
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ifpctr  wall  found ad.  There  appears  to  be  scope  for  track-wheel 
or  wheel-track  err  eng  meat  s  or  for  belly- bellyless  combinations 
where  these  can  be  shown  to  offer  advantages.  Zt  appears  highly 
probable  that,  for  example,  the  optimum  size  and  form  of  a  front 
emit  which  carries  the  crew  and  propulsion  mechanism  is  different 
from  that  of  a  rear  unit  which  carries  the  payload.  Thera  is  some 
evidence  that  the  units  of  a  two  unit  train  make  unequal  contrib¬ 
utions  to  the  overall  tractive  effort  and  this  factor  ahould  be 
considered  in  determining  the  overall  vehicle  form. 


7.  Air  cushion  vehicles  and  partial  air  cushion  support  of  conventional 
vehicles  appears  to  have  little  application  in  vehicles  of  the  size 
and  type  being  considered  however  the  technology  should  be  examined. 


AIK 

8.  To  examine  the  effect  of  vehicle  fora  on  mobility  in-  the  Canadian 
Arctic  and  Sub  Arctic  and  establish  optimum  forms  for  various 
sites  up  to  1S,000  lb  g.v.v. 


X?nK» 

9.  The  following  factors  shall  be  considered: 

a.  the  nature  and  frequency  of  occurrence  of  mobility  limiting 
terrain  features  (Project  1), 

b.  the  performance  of  the  various  forms  studied  in  each  of  the 
limiting  terrain  features, 

c.  the  initial  cost,  life  time  cost  and  operating  cost  of  the 

» 

various  forms  j 
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4.  tkt  utility  of  the  various  foruo  to  fill  the  roles  out- 
limed  in  the  — —  applicable  operational  requirements. 

10.  The  use  of  wheeled  sad  tracked  vehicles  of  single  or  aulti  unit 
configuration  should  be  studied. 

11.  The  use  of  unconventional  means  of  support  sad  propulsion  should 
be  *MMt**i  alone  end  in  conjunction  with  aore  conventional  tech¬ 
niques. 

12.  Mobility  enhancement  techniques  which  can  he  applied  to  conventional 
end  unconventional  vehicles  should  be  Investigated. 

13.  Optima  vehicle  fonts  for  various  sices  and  areas  of  operation  should 
be  proposed. 

COtMEST 

14.  This  project  ie  closely  associated  with  Projects  4  and  5. 

15.  As  there  is  e  relationship  between  vehicle  fora  and  vehicle  size 
it  scent  desirable  initially  to  place  emphasis  on  a  range  of  sizes 
which  reflects  likely  operational  requirements.  The  range  up  to 
IStOOO  lb  gvw  is  suggested. 
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WOJECT  tip  4 
dlTICPUTED  VTilCLES 

BAdccKocra 

1.  The  concept  of  the  articulated  tracked  vehicle  has  existed  since 
the  early  20th  century.  The  development  of  practical  steering 
eystens  for  rigid  vehicles  during  the  First  World  Iter  inhibited 
development  of  the  articulated  form  and  there  was  little,  if  any, 
practical  application  of  the  principle  until  the  early  1950's. 

2.  While  it  has  been  sham  that  the  application  of  the  articulation 
principle  results  in  enhanced  performance  of  snail  vehicles  and 
allows  the  construction  of  practical  vehicles  capable  of  carrying 
very  large  payloads  the  mechanics  of  the  coupling  process  has  not 
been  fully  explored. 

3  The  original  light  articulated  test  rig  used  to  demonstrate  the 
principle  consisted  of  two  identical  units  coupled  by  ball  joint (s) 
at  a  point  on  their  longitudinal  centre  line.  The  joints  pro¬ 
vided  freedom  in  roll  and  pitch  and  steering  was  obtained  by  control 
of  yaw.  This  base  concept  has  persisted  and  been  repeated  in 
successor  vehicles. 

4.  There  is  evidence  that  in  certain  conditions  the  two  units  of  a 
vehicle  nake  quite  different  contributions  to  the  net  tractive 
effort  of  the  vehicle.  There  is  also  evidence  that  freedom  in  the 
roll  plane  detracts  from  performance  in  conditions  where  there  is 
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•  vUt  local  variation  in  soil  strength.  Performance  In  crossing 
certain  classes  of  obstacle  is  reduced  by  the  large  space  which 
exists  between  the  tracks  of  the  two  units  and  the  space  between 
the  two  bulls  leads  to  reduction  of  speed  in  water. 

5.  In  terms  of  component  design  it  is  apparent  that  peak  loads  on 
Individual  running  gear  components  in  a  vehicle  which  behaves  as 
a  single  rigid  unit  will  be  different  from  those  in  one  where 
the  two  units  behave  essentially  as  two  smsll  vehicles. 

6.  These  factors  and  others  suggest  that  the  current  method  of  coupling 
is  not  necessarily  the  best.  An  investigation  of  various  coupling 
techniques  with  various  degrees  of  constraint  In  the  planes  of  artic¬ 
ulation  is  required.  Promising  techniques  may  be  investigated  by 
full  scale  or  sub-scale  costing. 

\ H 

7.  To  investigate  the  influence  of  the  coupling  of  the  units  in  an 
articulated  vehicle  on  vehicle  design. 


METHOD 


8 


The  forces  and  noments  existing  between  the  units  of  a  simply  artic¬ 
ulated  vehicle  operating  under  various  conditions  should  be  identifi 
and  evaluated. 


9.  The  effects  of  imposing  constraints  on  the  freedom  of  notion  in 

pitch  and  roll  on  the  performance  of  a  vehicle  should  be  invest igar^c 
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10.  Ths  tractive  effort  produced  by  each  unit  of  aa  articulated 
train  under  varying  operating  conditions  should  be  determined 
and  the  effect  of  constraints  observed. 

11.  The  effect  of  variation  in  relative  sires  of  the  units  of  an  artic¬ 
ulated  train  on  vehicle  performance  should  be  investigated. 

12.  The  requirements  for  the  propulsive  nechaalsm  of  each  unit  should 
be  considered  and  recommendations  developed  on  the  use  of  wheels 
or  tracks  or  a  combination  of  both  should  be  made. 

13.  The  various  methods  of  coupling  the  units  of  an  articulated  vehicle 
should  be  examined  in  the  light  of  the  above  data  and  promising 

x  techniques  should  be  evaluated  by  teat. 

i-i.  The  aork  should  bs  prosecuted  to  the  point  that  practical  alterna¬ 
tive  vehicle  designs  are  proposed. 


PtOltCT  MO  5 


imiP  VEHICLES 


MCBOHXEB 


6.  Thar*  arc  may  methods  of  support  mad  propulsion  available  to  the 
vehicle  fnifatr,  each  has  particular  virtues  in  certain  operating 
aaeir papists  none  is  of  truly  universal  application.  In  attempting 
the  coabiaatioo  of  two  or  note  techniques  into  a  single  vehicle  the 
resulting  hybrid  generally  aeons  to  eaphasize  the  worse  features  of 
each  technique. 

7.  la  the  examination  of  the  articulated  vehicle  (Project  4)  the  pos- 
elblllty  of  creating  an  operating  environment  in  which  it  nay  be 
possible  to  a  combination  of  wheels  and.  tracks  has  been  suggested. 

3.  Towed  air  cushion  rafts  in  which  the  propulsive  end  support  function* 
ere  separated  have  shown  prooise  in  certain  types  of  northern  oper¬ 
ation.  The  extension  of  this  principle  to  an  integrated  vehicle 

nay  hold  sobs  promise.  Early  work  in  this  direction  concentrated 
on  the  u*e  of  light  wheeled  chassis  end  achieved  only  limited  succc.-j 

4.  The  walking  machine  which  in  its  pure  fora  seeas  to  present  consider¬ 
able  design  probleas  aay  provide  an  attractive  and  viable  mechanism 
in  combination  with  ocher  mim  of  support  and/or  propulsion. 


ATM 

S.  To  examine  the  potential  of  hybrid  vehicle  systems. 


6.  "rtablish  epcrtflsail  mission  profile. 

7.  r**f lno  eh*  basic  physical  psraactsrs  of  tbs  vehicle  likely  to  be 

required. 

8.  Review  the  state  of  art  la  various  Methods  of  support  sad  propulsion, 
these  should  Include  wheels  of  various  types  and  fons,  applied  trac¬ 
tion  devices,  tracks,  air  cushions,  air  screws,  ar chined ian  screws, 
walking  devices,  skis,  etc. 

9.  Establish  the  performance  of  typical  vehicles  enploylng  single  system 
support /propulsion  device  in  the  terrain  defined  in  the  operational 
nlsaion  profile.  Terrain  factors  Uniting  performance  should  be 
Identified. 

10.  Exanlne  combinations  of  various  systems  of  support  and' propulsion 
seeking  an  optimum  combination  of  performance  characteristics.  The 
part  time  use  of  auxllllary  means  of  support  or  propulsion  to  traverse 
particular  classes  of  terrain  should  be  considered.  Air  cushions j 
air  screws,  skis  etc.  should  be  considered  both  as  primary  and 
auxllllary  systems. 

11.  Feviev  the  logistics  implications  of  promising  combinations  and  re¬ 
examine  the  physical  parameters  of  practical  vehicles. 

12.  formulaic  a  program  to  develop  promising  combinations. 
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SQSKXS10S  SYSTEMS 


■mccMiaro 

1.  Suspension  system  for  rigid  wheeled  end  tracked  vehicles  have  been 
extensively  investigated.  Research  end  development  programs  by 
industry  and  by  governmental  agencies  have  established  computerized 
design  techniques  and  lead  to  well  defined  design  principles.  The 
springing  madia  for  use  in  these  suspension  designs  have  formed  the 
subject  of  similar  intense  study.  Neither  of  these  fields  is  likely 
to  fora  a  fruitful  field  of  investigation  in  a  relatively  lew  budget 
program. 

''"2.  There  has  been  little  study  of  the  requirements  for  the  suspension 
for  en  articulated  vehicle  end  it  appears  that  these  differ  from 
those  of  a  rigid  vehicle. 

3.  The  units  of  an  articulated  train  interact  in  the  pitch  and  roll 
modes  of  vibration.  The  extent  and  nature  of  this  interaction  may 
»e  varied  by  the  design  of  the  coupling  mechanise  and  has  an  influence 
on  the  requirements  of  the  suspension  systeas. 

4.  There  Is  a  possibility  chat  the  weight,  cost  and  complexity  of  the 
suspension  systea  can  be  reduced  if  the  effect  of  unit  interaction 
is  dett.T-incJ  and  the  data  established  applied  to  design  of  suspens¬ 
ions  specifically  for  the  articulated  case.' 
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S.  to  determine  the  requirements  toe  nipcuion  systems  to r  articulated 
.  Aldus  sad  to  propose  practical  designs. 

METHOD 

i.  2hs  action  the  suspension  system  sad  resultant  vehicle  oscillation 
should  be  determined  for  passage  ever  various  ground  fome  and 
obstacle  types  either  by  analysis  or  by  experiment  or  by  a  combin- 
stioa  of  experiaental  and  analytical  techniques. 

7.  The  nature  and  effect  of  the  interaction  between  units  when  the  train 
passes  over  various  terrain  types  should  be  determined. 

ii.  The  effect  of  varying  suspension  system  parameters  should  be  deter-' 
mined,  particular  attention  should  be  paid  to  wheel  movement  vs 
effective  spring  rates. 

An  eaalysls  of  the  suspension  syseem  requirements  should  be  made, 
the  need  for  high  resilience  damped  systems  should  be  examined 
against  the  capability  of  low  resilience  articulated  suspension 

systems. 

10.  The  requirements  should  be  illustrated  by  practical  designs. 
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pea  FREQCPXY  VIBRATIONS  IS  VEHICLES 

■AggOMUSD 

1.  High  (itqutac;  vibrations  usually  in  Che  fora  of  noise  ere  the 
principal  fascor  contributing  to  the  creation  of  environmental 
conditions  within  nilitary  vehicles  lying  at  or  close  to  the 
Units  of  human  endurance.  The  problem  exists  in  both  wheeled 
sal  tracked  vehicles  although  the  latter  normally  produces  the 
verse  conditions.  It  is  virtually  impossible  to  eliminate  vibra¬ 
tions  once  the  vehicle  design  has  become  firm,  therefore  action 
"cct  be  taken  at  the  design  stage  to  minimize  or  eliminate  sources 
of  vibration. 

2.  There  ere  a  uuxb*r  of  scvxces  of  vibration  over  which  some  degree 
of  control  may  be  exerted.  They  include: 

e.  engine  vibratioc  end  noise, 

b.  transmission  gear  noise, 

c.  track  to  sprocket  contact  vibration, 

d.  vlbtntlon  induced  by  wheel  to  track  or  ground  contact. 

AIM 

1.  To  investigate  the  causes  of  vibration  in  nilitary  vehicles  and  to 
provide  design  criteria  for  noise  reduction. 


I.  lira  course  and  oatui  .£  vibrations  in  a  typical  vehicle  should  be 
otttlytfa  and  Methods  of  reducing  or  eliminating  then  studied,  these 
Should  Include: 

a.  sprocket  to  track  tooth  engagement,  design  of  sprocket  for 
minimum  vibration,  the  potential  of  friction  drives  or 
part  friction  drives,  the  support  of  the  track  on  the 
sprocket. 

b.  track  and/or  grouser  pitch  for  optima  combination  of 
low  vibration  end  high  traction. 

s.  road  idled  design  for  minimum  vibration,  use  of  pneumatic 
.v  semi-pneumatic  Circs,  resilient  wheels  etc. 

d.  the  application  of  vibration  daaping  mountings  In  all 
applicable  areas. 

i  following  the  analysis  and  confirmation  testing  a  series  of  dssign 
criteria,  should  be  foraulated  setting  out  acceptable  limits  cf 
vibration  from  various  sources  and  approved  techniques  of  attaining 
these  level*. 


WOJECT  gO  B 


VEHICLE  TERRA m  INTERACTION 

lACKStOCNP 

It.  spite  of  considerable  research  In  this  field  since  the  Second 
Wer*d  Uar  there  has  been,  with  one  or  two  notable  exceptions, 
»inull»  no  advance  in  the  design  of  the  terrain  contacting 
decent:  which  can  he  said  to  have  resulted  froa  research  activities. 
Design  .hanges  which  have  been  introduced  have  resulted  principally 
froo  product  Inprovenent  progress  designed  to  iaprove  durability 
an d  reliability. 

The  field  appears  to  be  attractive  to  researchers  because  it  affords 
opportunities  for  analytical  study  of  the  ground  contact  process 
leading  to  a  precise  nathesatical  expression  of  the  relation¬ 
ships  existing  between  soil  parameters,  track  or  wheel  character¬ 
istics  sro  floatation  and  effective  pull.  Unfortunately  the  cessage 
contained  in  the  extensive  published  research  data  has  not  got  through 
tc  the  "practical"  engineer  who  either  fails  to  understand  or  docs 
«<ot  believe  the  message.  There  is  also  the  third  possibility  that 
Che  research  has  not  been  relevant  to  his  needs. 

Vh»fi"*er  the  reasons  there  seens  to  have  been  singularly  little 
application  of  the  products  of  research  in  this  field  and  there 
aeeas  ro  have  been  a  breakdown  in  communication  between  the  engin¬ 
eering  and  research  conunitiec.  Any  program  seeking  the  oaxiaua 
effect  the  effort  tnd  money  expended  oust  first  close  this  commun- 


icatlons  sap. 


4.  This  program  is  concerned  with  the  development  of  a  technology 
hose  and  the  processes  of  research  and  development  nose  be  com* 
bleed  to  produce  a  demonstrable  technology  which  nay  he  embodied 
in  the  base.  The  validity  and  applicability  of  research  conducted 
under  the  program  oust,  therefore,  be  established  by  hardware  or 
technique  development. 

5.  There  are  ongoing  research  activities  under  the  auspices  of  DRfiO 
sad  33R(.  The  propose'  work  in  this  project  Is  intended  to  com- 
pleeen*.  these  activities. 

6.  There  are  a  number  of  phenomena  which  require  further  investigation 
to  establish  their  effect  on  vehicle  nobility.  In  general  terms 
an  understanding  of  cause  and  effect  should  allow  the  development 
of  hardware  or  techniques  to  allow  maximum  benefit  to  be  gained. 

AZA 

1.  To  examine  the  Bethanies  of  the  vehicle  terrain  interface  and  to 
develop  so  advanced  technology. 

KETJOO 

d.  The  parameter  most  used  to  indicate  tracked  vehicle  ability  over 
soft  soils  and  snow  is  nominal  ground  pressure.  It  has  been  shown 
that  the  actual  ground  pressure  exerted  by  s  track  is  much  mote 


tkH  the  o—l—l  ground  pressor#  under  the  road  wheals  sad  ouch 
la—  bet—  theo.  Tha  distribution  of  pressure  varies  with  the 
aisfc  and  lumber  of  wheels.  It  baa  be—  shown  experiment tally  that 
ts»  Okilfus  capability  of  a  vehicle  equipped  with  a  skid  type 
a 2  track  support  exceeded  that  of  the  sane  vehicle  equipped  with 
conventional  wheels. 

♦  Cult  cLe  signifies— a  of  tha  variation  la  ground  pressure  la  rel¬ 
atively  shallow  —lie  over  a  hard  base  is  readily  appar— t  tha  effect 
lu  very  deep  —ft  —Us  and  snows  da—  not  epp— r  to  have  been 
established.  The  laporta— e  of  this  case  la  the  Canadian  environment 
scggetAs  that  it  should  be  investigated  further. 

10.  Tha  results  of  tha  Investigation,  together  with  those  of  previous 
work  should  suggest  optima  road  wheel  die— ter  end  op— lag.  The 
modifications  of  these  criteria  required  to  suit  variations  la  track 
stiffness  should  be  developed. 

11.  The  net  benefit  accruing  to  the  use  of  skids  la  place  of  wheels 
should  he  investigated  cad  practical  design  concepts  formulated. 

.h  VC-  if  jU  support  eJ  and  lubricated  skids  as  a  means  of  reducing 
abrasion  should  be  ex sained. 

II.  It  is  possible  to  visualise  practical  cracks  which  have  a  gr— ter 
stiffness  in  bead  in  one  direction  than  the  other  in  the  same 
plane.  Tie  grctntd  loading  phenoaeaa  should  be  examined  for  prac¬ 
tical  —  11  types  and  wheal  spacing#  to  determine  the  effect  of 
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lacrtuiai  Crack  stiffness.  ZC  the  investigation  indicates  benefits 
free  practical  levels  of  stiffness  the  various  means  of  obtain  las 
«  uuidlrectioosl  lacraasa  of  stiffness  should  ho  investigated. 

13.  the  loves tlsatioe  of  the  general  nature  of  the  track  to  ground  eou- 
tacts  nechanlsn  leads  naturally  to  the  conduct  of  similar  studies 
and  experiments  la  the  field  of  wheal  to  ground  contact.  There  Is 
i*9?«  foi  improving  vocel  or  tire  construction  to  enhance  the  per¬ 
formance  of  wheels  In  varying  soil  condltlcn  aad  these  should  be 
examined.  The- use  of  unconventional  wheels  such  as  the  convolute 
case  should  be  considered. 

id.  uhen  the  nature  of  the  treck/vheel  to  terrain  laterfaca  is  established 
Investigation  of  the  grouser  or  spud  used  to  derive  traction  nay 
be  undertaker..  Improved  distribution  of  ground  loading  will  tend 
u  rr  Jar*  damage  to  tender  noil  and  careful  grouser'  design  will 
ti*isi*i  It.  The  action  of  the  grouser  on  entering  and  leaving 
the  soil  requires  careful  attention  and  the  possibility  of  using 
retractable  grousers  should  be  lnvostlgsted.  Optima  grouser  sires, 
uhapes  aad  spacing  for  noxious  effort  in  various  soils  should  be 
developed  and  demonstrated  with  practical  neans  for  reducing  the 
vibration  generated  by  aggressive  grousers  on  hard  surfaces. 

The  Martin  track  Is  an  exanple  of  a  grouserless  fora  of  track. 

Whan  applied  to  the  Kill  vehicle  it  developed  surprisingly  high 
tractive  efforts  la  mud.  The  natrix  design  of  the  Martin  track 
in  interesting  and  tha  reasons  for  its  performance  should  be 
analysed. 

.../*? 


16.  TV*  tracks  used  on  vehicles  designed  for  use  in  Northern  Canada 
have  traditionally  taken  the  halt  and  crosslink  form.  Sane  Interest' 
is|  variations  on  this  ion  have  been  introduced  by  the  Swedish  Any 
There  appears  to  be  considerable  scope  for  iaprovenent  in  the  design 
of  tracks  for  light  vehicles  and  criteria  for  tensile  and  transverse 
brad  lag  strength  should  be  established.  The  mechanical  design  of 
tracks  should  be  Investigated  and  advanced  designs  asking  use  of 

materials  should  be  proposed. 

17.  The  effect  of  lateral  stiffness  of  tracks  on  their  perforaance  and 
guiding  shall  be  axa&lned  and  criteria  for  stiffness  established. 
A?pr*>?M~ce  guiding  techniques  for  various  types  of  tracks  should 
be  developed. 


TEST  AMP  EVALUATION  FACILITIES 


BACKCyOUXD 

2.  'W  lyite*  proposed  for  the  development  of  criteria  for  the  expree- 
:  let  of  aebility  requirement*  end  analytical  model*  for  the  predict¬ 
ion  of  mobility  ia  based  upon  the  determiaetloa  of  practical  limit lag 
oocditiecs  involving  the  use  of  a  standard  vehicle. 

2.  raring  the  development  of  the  system  and  later  during  its  applica¬ 
tion  ticze  is  a -need  for  continuous  validation  by  laboratory  and 
field  tefing.  This  process  requires  the  establishment  of  a  set 
of  controlled  conditions  some  of  which  nay  be  varied  to  represent 
the  various  standard  conditions.  There  la  also  a  seed  for  a  standard 
vehicle  (or  vehicles). 

3.  Tl.*  facilities  established  or  identified  for  this  purpose  would 
also  be  used  in  the  testing  and  evaluation  of  prototype  or  sample 
vehicles.  To  some  extent  they  already  exist  either  at  the  Land 
bsglnacrlng  Test  Establishment  or  in  the  Soil  Mechanics  Laboratory  at 
ItcCill  University.  It  trill  be  necessary  In  some  cases,  however, 
either  to  adept  the  existing  facilities  or  to  develop  new  facil¬ 
ities  to  aact  the  new  requirements. 

AIN 

4.  To  develop  the  test  and  evaluation  facilities  required  to  support 
the  development  of  a  technology  bate  for  mobility  In  the  Canadian 


5.  *!»*?  or  v*s«d  ttrhaoloty  devnlopmai it  program  will  lead  to  eh*  Indus  loo 
of  nv  ’onsetm  la  che  speclficeClona  used  to  govern  the  development 
.!  vehicles.  The  assumption  Is  made  that  the  available  test  facilities- 

ret  tfc*  needs  of  the  current  specificstions  sad  this  project  Is  re- 
rritui  to  the  provision  of  new  facilities  to  meet  new  requirements. 

6.  The  exist inj  test  and  evaluation  facilities  should  be  reviewed  In  the 
ilchc  of  the  new  requirements  imposed  by  the  terrain  evaluation  and 

prediction  system  end  tbs  proposed  mobility  performance 
specification.  Where  necessary  test  facilities  should  he  modified 
jt  new  facilities  provided.  The  facilities  development  program  will 
probably  involve: 

S.  the  definition  of  e  standard  vehicle; 

b.  cho  selection  of  a  soil  characteristics  measuring  device 
compatible  with  the  terrain  evaluation  and  mobility  pre¬ 
diction  techniques; 

c.  the  design  of  soil  bins  containing  a  range  of  probably 
three  cohesive  ad  two  frictlonsl  soils  and  of  sufficient 
sise  to  allow  testing  of  typical  notthland  vehicles. 

Facilities  for  conditioning  and  adjusting  the  water  content 
of  the  soils  must  be  provided.  A  suitable  dynamometer  for 
measuring  draw  bar  pull  will  be  required;  this  should  be 
of  a  type  to  allow  multiple  passes  of  Che  test  vehicle; 
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0.  the  Identification  a nd  selection  of  typical  llaitins  and 
Mb  Halting  awkit  conditions, 

a.  the  Identification  of  areas  la  which  there  la  a  reasonable 
frequency  of  consistent  near  Halting  enow  conditions.  The 
ana  should  Include  slopes , 

f.  tbs  design  of  slnulatsd  rough  ground  conditions  based  upon 
observed  Uniting  conditions* 

g.  the  design  of  nstwerwer ability  courses  to  allow  testing  under 
siaulated  (or  actual)  forest  conditions,  and. 

b.  tbs  selection  of  water  obstacles  having  n  range  of  repres¬ 
entative  bank  conditions. 

7.  The  Japlcamtatlon  of  the  facilities  development  program  will  Involve 
the  revision  of  the  standard  teat  procedures  la  addition  to  the  con- 

■V.  ' 

struct ion  of  the  physical  plant. 


m 


overall  program  which  is  proposal  oocko  to  establish  a  each- 
aasogy  base  which  will  serve  as  a  foumdatloa  for  future  activities 
u>  the  riald  of  mobility  la  the  Canadian  smvlrowcct.  This  Imvolves 
the  creation  of  a  data  base*  the  conduct  of  a  related  state  of  art 
cevtlbfsent  program  and  the  appraisal  of  the  potential  of 
iaduotry.  It  is  a  relatively  large  pregraa  of  closely  related 
activities. 

it  is  apparent  that  the  first  step  in  the  Implementation  process 
aoat  be  a  review  of  the  proposed  program  to  determine  whether  or 
not  it  sects  the  needs  of  the  Force.  The  program  in  whole  and 
******  It  based  on  the  concept  that  it  is  first  necessary  to  establish 
a  Um  line;  subsequent  activities  then  follow  a  pyramidal  logic. 

It  It  is  found  necessary  to  make  changes  in  the  pregraa  bsfors 
icmcntst  ion  it  is  in?  or  cant  that  tbs  concept  be  recognised  a 
conscious  effort  be  nsde  to  avoid  building  pyramids  from  tha  top 
smu. 


It  asy  be  desirable  for  adainistrative  purposes  to  divide  rone  of 
tfca  proposed  projects  into  s  number  of  sub-projects.  This  is  possible 
•*•*  practical  provided  Che  correct  relationship  is  maintained  with 
other  related  projects. 


The  detailed  inplcuentation  of  the  project  depends  largely  on 
internal  PSD  factors,  principally  the  availability  of  rssourcss  and 


imiti 
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tkt  organisational  structure  of  the  mtuek  and 
coanltltj.  Dm  program  ud  mt  of  the  (itMtti  la  it  Involve 
both  ifiurch  and  develop— tit  oaf  la  formulating  it  ao  coo  eel  one 
edict  t  fans  bean  made  to  dlula|slih  betveen  these  Cvo  fwocClons. 
it  ii  essential  for  success  chat  there  be  no  discontinuity  bet¬ 
ween  research  and  development  activities  sad  tbs  Implements:  Ion 
flan  oust  ensure  this. 

5.  the  availability  of  resources  is  obviously  s  highly  significant 
factor.  T ha  nature  of  the  program  is  such  that  If  prosecuted  at 

•a  oft level  substantial  progress  towards  Its  objectives  should 
be  v*t*»  in  ?bout  five  years.  It  nay  be  possible  to  shorten  this 
slinatly  and  it  Is  certainly  possible  to  extend  lc.  In  opting 
to  extend  the  cine  period  caution  swat  be  exercised  to  avoid  a 
dUictiun  of  effort  on  too  aany  projects. 

6.  ih*-  iapiefNe&iation  plan  oust  provide  for: 

a.  oaincetumce  of  the  lnpecus  of  the  program  as  a  whole  and 
of  each  element  within  it; 

b.  Mliteoiwc  o£  continuity  of  technical  logic  throughout 
the  pro^vta  <u» 

c.  flexibility  to  exploit  success  and/or  to  curtail  effort 
In  ureas  where  success  seems  unlikely. 

PRIORITIES 

7.  On  the  assumption  that  the  prograa  Is  to  !»e  implemented  ss  proposed 
>  the  following  orders  of  priority  sre  suggested: 

...pi 


Ft  lot  icy  1  -  to  be  caaduettd  simultaneously 

o.  IiUklitlwtt  of  daU  boa« 

i.  Project  No  1  Torraia  Classif icatioo  tod  Performance 
Prediction 

c.  fnjtct  Mo  9  last  and  Evaluation  Facllltloo 

d.  Establishment  of  Potential  of  Industry 

Priority  2  -  to  be  conducted  simultaneously 

a.  Project  No  3  -  Vehicle  Morphology 

b.  Project  No  A  -  Vehicle  Terrain  Interface 

e.  Project  No  2  -  Development  of  Coocepc /Vehicle  Evaluation 
System 

Priority  3  -  the  remaining  projects  taken  in  any  convenient  order 
having  duo  regard  for  o  certain  interdepend enca  which  exists 

1.  Itw  priorities  proposed  sre  based  on  so  optima  five  year  progran. 

It  my  be  necessary  to  change  them  to  accanodott  certain  ongoing 
rnaeacch  and  development  activity  or  to  provide  support  in  o  spec¬ 
ific  field  of  technology  to  the  fWTV  60  project. 

:'K 

9.  At  the  outset  of  the  study  it  wss  hoped  thst  specific  proposals 
on  a  management  structure  could  be  node.  As  the  progran  developed, 
however  it  became  apparent,  that  It  was  a  relatively  large  under¬ 
taking  which  would  require  the  co-operation  of  a  number  of  DND 
agencies  whose  relationships  with  and  responsiveness  to  the  0P1 
ware  not  turned lately  apparent.  It  is  proposed  therefore  to  suggest 


c rl texts  which  should  be  applied  la  f  emulating  tbs  MMf«wat 
|Us  without  betas  specific  ss  to  tbs  ssture  of  tbs  plea  itself. 

10.  lie  asasfoaoat  plea  east  aset  the  coadltloas  set  out  for  the 
lapleeeatst ios  plea  la  pars  i  above.  This  requires  that: 

a.  the  pxogren  be  funded  at  aa  adequate  level  ever  aa  ini.  lei 
five  pear  period, 

b.  the  bier  arc  hel  aaaagaaaat  review  progress  ,  funding  and 
raeoerce  allocation  at  frequent  Interval*  and  ensure  that 
an  adequate  level  of  effort  la  being  nslatelaad, 

c.  arrange— nt»  be  node  for  a  continuity  of  technical  logic 
over  aa  Initial  nlainun  period  of  five  years, 

d.  provision  be  nade  for  continuous  review  of  activities  at  tbs 
level  at  which  technical  direction  la  applied  to  ensure 
changes  necessary  to  nalataia  direction  and  aonentun  are 

11.  The  proposals  la  c  aad  d  above  Introduce  the  notion  of  e  project 
technical  director  applying  substantial  expertise  to  the  project 
ever  a  period  of  sons  five  years.  It  la  acknowledged  that  this  is 
a  4u!t:olt  goal  to  achieve.  It  is  important  to  tbs  success  of  the 
project  however  that  the  principle  be  accepted  and  aone  substantial 
affort  be  aade  to  achieve  at  laaat  an  approx last Ion  to  this  require- 
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1.  The  study  is  based  os  eko  premise  that  It  Is  socassary  for  the 

Canadian  Forces  to  achieve  a  high  leva!  of  tactical  mobility  is  the 
regies  extending  northwards  from  about  two  hundred  miles  south  of 
the  treeline  to  the  limits  of  Canadian  sovereignty.  The  area  embraces 
same  of  the  most  difficult  terrain  in  the  world  which  coupled  with 
extreme  seasonal  variations  creates  an  environment  which  is  unique 
to  Canada. 


2.  While  it  la  possible  to  acquire  soma  equipment  based  on  earlier 
Canadian  development  from  sources  outside  Canada  and  significant 
advance  la  technology  for  vehicles  to  ha  employed  in  the  unique 
Canadian  environment  must  come  from  within  Canada. 

3.  M  the  outset  it  is  necessary  to  identify  the  equipment  require- 
meats  in  precise  measurable  terms  so  that  concepts  nay  be  evaluated 
and  compared  ib  terms  of  vehicle  performance  in  specified  terrain. 
*fc»btllty  prediction  systems  which  claim  to  possess  this  capability 
M<»t  and  muit  be  rvalue rd  against  the  Canadian  environment.  It 
acess  probable  that  s  simpler  system  based  on  analytical  comparison 
ol  the  performance  of  the  candidates  with  a  standard  vehicle  will 
be  required. 

4.  Development  of  equipment  at  best  ia  an  expensive  time  consuming 

\  process.  The  developaent  of  equipment  based  on  little  or  no  previous 
technology  io  likely  to  be  excessively  expensive  and  time  consuming 


as  the  technology  la  developed  by  trial  and  error  during  the 
development  program.  To  develop  equipment,  therefore.  It  is  mec ca¬ 
nary  to  provide  a  technology  base  which  embodies  the  state  of  art 
la  the  particular  field  of  endeavour. 

5.  There  la  am  extensive  technology  la  the  field  of  ground  nobility 
which  is  expressed  la  published  material  sad  data  stored  la 
libraries  and  data  beaks;  much  of  thin  is  applicable  to  the  Canad¬ 
ian  requirement.  A  check  of  tbs  DSXS  data  beak  produced  about  50Z 
of  relevant  aaterial  known  to  the  (experienced)  observer,  it  also 
produced  some  unknown  to  the  observer.  It  la  apparent  that  further 
activity  is  accessary  to  produce  a  reasonably  complete  state  of 
art  base  in  mobility  technology. 

v 

6.  The  notion  of  creating  a  data  base  which  is  an  expression  of  the 
state  of  art  in  aoblllty  technology  with  particular  reference  to 
the  Canadian  environment  emerges.  The  state  of  art  is  known  to  be 
Incomplete  or  Inadequate  in  many  areas  and  a  technology  development 
program  will  be  required  to  extend  and  complete  it.  The  development 
program  which  has  been  proposed  concentrates  primarily  on  the  two 
basic  areas  most  likely  to  provide  advances  in  capability,  vahlele 
fora  end  vehicle  terrain  interaction.  The  conblnatlon  of  the  extended 
data  base  sad  the  experience  giined  in  the  developnent  program 
constitutes  a  technology  base  for  further  activities. 


7.  The  co-operation  of  industry  in  tha  development  program  in  highly 
desirable  and  the  potential  of  Industry  for  participation  in  this 
activity  aad  any  tutors  cqulpsent  programs  should  ha  determined  at 


a  urZy  «u<(. 

t.  Ze  Is  likely  to  take  about  five  years  at  option  rate  of  activity 
to  produce  substantial  progress  towards  tbs  creation  of  a  tech¬ 
nology  base,  la  lopl  waring  the  pragma  great  care  oust  be  taken 
to  Maintain  the  lapetus  and  direction  throughout 


this  period 


END 

FILMED 
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